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ABSTRACT 


A  broad-scale  program  of  research  and  development  has  been  carried  out  on  aerospace  fuels  and  several  related 
areas.  Studies  on  fisel  stability  have  included  the  development,  improvement,  and  eval'iation  of  test  equipment,  as 
well  as  the  use  of  this  equipm  ent  in  study  i> « wt  effects  of  dissolved  metals,  fuel  additives,  and  fuel-system  materials 
on  the  high-temperature  stability  of  curre.  —  ad  meed  hydrocarbon  fuels.  A  fuel  lubricity  Simula'  >r  rig  has  been 
set  up  for  operation.  Fuel  corrosion  inhibitors  have  been  studied  in  connection  with  a  proposed  rt-ision  of  the 
inhibitor  specification,  and  the  required  rusting  test  has  been  examined  for  improvement  of  precision.  Gas  chromato¬ 
graphic  techniques  hate  been  developed  and  improved  for  identification  and  analysis  of  synthetic  lubricants,  and  for 
analysis  of  dissolved  oxygen  content  of  fuels.  Theoretical  and  experimental  studies  have  been  made  on  the  Kerr 
effect  as  a  tool  in  chemical  analysis  of  fuels  and  lubricants  and  for  molecular  characterization  in  general.  Instrumen¬ 
tation  for  turbine  engine  compressors  has  been  developed,  with  particular  emphasis  on  sensors  Ultraviolet  detectors 
have  been  developed  and  evaluated  for  fire  and  explosion  detection.  An  existing  information  retrieval  system, 
covering  documents  on  fuels,  lubricants,  and  hazards  has  been  maintained,  improved,  and  expanded. 

Distribution  of  this  abstract  is  unlimited. 
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SECTION  I 


INTRODUCTION  AND  SUMMARY 


1.  GENERAL 

For  the  past  >ear.  Southwest  Research  Institute  has  conducted  a  broad-scale  program  of  research  and  develop¬ 
ment  on  aerospace  fuels  and  related  areas.  This  work  is  being  carried  out  bySwRI  personnel  in  Air  Force  facilities  at 
Wright  Patterson  AF8,  supplemented  in  certain  areas  of  the  program  by  technical  guidance  and  consultation  pro¬ 
vided  by  staft  members  located  at  SwRl's  main  facilities  in  San  Antonio, Texas. 

The  program  includes  a  variety  of  long-term  and  short-tenr.  investigations.  The  long-term  investigations  are 
described  in  detail  in  this  and  other  Technical  Reports.  The  short-term  investigations  are  described  in  detail  only 
when  the  results  are  of  general  interest  or  are  pertinent  to  other  aspects  of  the  program. 

The  program  is  broken  down  into  five  general  areas: 

Fuel  research  and  development 

Optical  techniques  for  chemical  analysis 

Turbine  engine  control  instrumentation 

Fire  and  explosion  detection 

Information  retrieval 

2.  FUEL  RESEARCH  AND  DEVELOPMENT 

a.  Fuel  Stability 

Major  effort  has  been  devoted  to  investigation  of  the  stability  of  advanced  end  current  hydrocarbon 
fuels  at  normal  and  elevated  temperatures.  This  work  has  included  studies  of  new  and  improved  test  equipment  end 
procedures  effects  of  additives  on  fuel  stability,  compatibility  of  fuels  with  fuel-system  materials,  effects  of  dis¬ 
solved  metals  on  fuel  stability,  and  miscellaneous  evaluations  cf  fuel  stability  in  support  of  other  Air  Force  programs 
of  in-house  and  contractual  research. 

The  CRC  gas  drive  coker  was  used  in  much  of  the  work  on  evaluation  of  fuel  stability  at  high  tempera¬ 
tures.  Studies  of  equipment  and  proceduic  indicated  the  desirability  of  certain  changes,  which  have  been  incor¬ 
porated  in  two  "nonstandard"  test  rigs  used  in  this  program. Two  ether  rigs  have  been  kept  "standard  gas-drive”  so 
that  results  are  directly  comparable  to  those  of  other  laboratories.  i 

The  gas-drive  coker  has  been  used  in  studying  the  effects  of  dissolved  lead  and  zinc  on  fwel  thermal 
stability.  Meta!  concentrations  on  the  order  of  100  to  500  parts  per  billion  gave  severe  effects  on  the  thermal 
stability  of  high-quality  fuels.  These  data  indicate  that  lead  and  zinc  derived  from  common  types  of  synthetic  rubber 
may  well  be  the  most  serious  factor  in  the  degradation  of  fuel  caused  by  contact  with  the  rubber. 

The  gas-drive  coker  has  also  been  used  in  defining  the  effects  of  commonly  used  fuel  antioxidants  on  the 
thermal  stability  of  a  high-quality  fuel.  This  study  indicated  that  commonly  used  amine-type  antioxidants  cause  fuel 
degradation  at  high  temperatures,  but  phenolic  antioxidants  ct  the  norm.il  use  concentrations  have  little  effect. 

A  Jet  Fuel  Thermal  Oxidation  Tester  (JFTOT),  a  new  device  for  measuring  fuel  stability  at  high 
temperatures,  has  been  evaluated  for  applicability  in  studies  of  high-quality  fuel  stability  and  degradation  by 
contaminants.  Initi?]  operating  experience  with  the  apparatus  has  been  generally  good,  and  the  apparatus  has 
definite  advantages  over  earlier  “modified  cokers.”  At  the  same  time,  there  are  some  rather  difficult  problems  to  be 
overcome  before  the  apparatus  esn  be  consider'd  fully  satisfactory  for  use  in  the  type  of  development  program  in 
which  we  are  involved.  Hie  difficulties  are  concerned  mostly  with  the  large  number  of  tests  required  to  define  a 
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satisfactoiy  "breakpoint"  on  some  fuels.  Several  tests  are  often  necessary  to  establish  a  test  temperature  near  the 
breakpoint,  since  tests  at  much  higher  temperatures  do  nor  give  valid  breakpoint  data.  There  are  also  ptohlems  to  be 
resolved  in  the  rating  of  tube  deposit  colors  and  in  the  interpretation  ef  filter  plugging  results. 

b.  Fuel  Lubricity 

A  fuel  lubricity  simulator,  designed  and  constructed  for  the  Air  Force  by  a  contractor  under  C'RC 
guidance,  has  been  set  up  for  operation,  and  procedures  have  been  developed.  The  apparatus  was  furnished  without 
drive  system  or  instrumentation,  and  delays  in  procurement  of  components  have  prevented  full  operability  of  the 
apparatus.  In  the  meantime,  the  system  has  been  assembled  with  makeshift  components  and  is  being  operated  for 
familiarization. 

c.  Fuel  Corrosion  Inhibitors 

fn  connection  with  a  proposed  revision  of  MIL-I-2S0!  7B,  the  specification  for  fuel  corrosion  inhibitors, 
a  problem  had  been  enc<  untered  in  Door  repeatability  of  the  rusting  test  used  to  establish  the  effective  concentra¬ 
tions  of  the  inhibitors.  Several  modifications  of  the  test  procedure  have  been  explored  in  an  attempt  to  mprove  the 
repeatability,  so  fai  without  any  notable  success.  Apart  from  the  problems  with  the  test  equipment  and  procedure, 
there  also  appear  to  be  problems  caused  by  partial  insolubility  of  certain  inhibitors  in  ttie  test  solvent,  isoctar.e. 
Other  work  on  corrosion  inhibitors  has  been  concerned  with  evaluation  and  adap'ation  of  analytical  methods  and 
investigation  of  specific  problems  from  the  field  involving  corrosion  inhibitors. 

d.  Fuel  and  Lubricant  Analysis 

Much  of  the  long-term  effort  in  chemical  analysis  has  gone  towaid  development  and  improvement  of  gas 
chromatographic  techniques  for  identification  and  analysis  of  synthetic  lubiicants.  These  techniques  are  very  useful  in 
lubricant  identification  and  in  following  lubricant  behavior  during  service,  but  thus  far  will  nor  give  a  complete 
resolution  and  identification  c‘  all  components  present.  Further  effort  in  this  area  is  being  made  on  a  continuous  basis. 
Gas  chromatographic  techniques  have  also  been  improved  and  developed  in  the  analysis  of  dissolved  oxygen  content  of 
fuels.  Here  the  problem  has  been  partly  one  of  sample  handling,  since  the  samples  to  be  analyzed  are  from  a  simulator  i  ig 
located  away  from  the  immediate  area  of  the  analytical  laboratory.  Certain  specific  tests  used  for  fuel  inspection  and 
quality  control  have  been  investigated  as  the  need  arose.  Flashpoints  were  compared  by  two  methods  to  determine  the 
effects  of  fuel  system  icin"  nhibitor  on  the  flash  point  of  various  fuels.  Data  from  a  cooperative  program  on 
neutralization  number  of  fuels  were  analyzed  to  determine  the  precision  of  the  'hree  rrtetheds  evaluated. 

3.  OPTICAL  TECHNIQUES  FOR  CHEMICAL  ANALYSIS 

Theoretical  and  experimental  studies  of  time  iags  in  the  Kerr  effect  have  been  made,  and  have  demonstrated  that 
utilization  of  this  phenomenon  for  molecular  characterization  holds  considerable  promise.  Potential  applications  in 
lubricant  analysis  have  been  exploreu.  The  results  and  status  of  this  work  ere  described  in  detail  in  another  report.  A 
preliminary  study  has  bee  .a  started  on  the  application  of  fluorescence  and  phosphorescence  tor  similar  uses. 

4.  TURBINE  ENGINE  INSTRUMENTATION  AND  CONTROL 

Efforts  in  this  area  have  been  directed  primarily  toward  the  development  and  evaluation  of  compressor 
instrumentation,  particularly -sensors.  Results  and  status  of  this  work  are  described  tn  another  report  Subsequent 
steps  in  this  program  will  involve  incorporation  of  Ovr«  instruments  into  control  loops  tor  evaluation. 

5.  FiRE  ANO  EXPLOSION  DETECTION 

Improved  utirsviolgt  detecto,*  have  been  evaluated  for  sensitivity  and  operability  under  extreme  environmental 
conditions.  Detailed  comparisons  have  beer,  made  o»  the  various  types  of  sensors  within  this  general  class 

$  INFORMATION  RETRIEVAL 

As  a  part  of  the  overall  program,  an  existing  information  retrieval  svstem  tics  been  maintained,  improved,  and 
expanded.  Thu  system  includes  classified  and  unclassified  document*  m  tfie  area  ot  iuclr.  lubricants,  and  hazards 
The  documents  arc  pimsrtiy  lechmea!  report*.  bir:  some  journal  article*  *ie  included 


SECTION  II 


FUEL  STABILITY 


1.  GENERAL 

Major  efforts  have  been  directed  toward  solution  of  problems  in  the  thermal  and  storage  stability  of  jet  fuels. 
The  primary  objectives  of  this  portion  of  the  program  are  the  selection,  adaptation,  or  development  of  methods  for 
evaluating  fuel  stability  and  the  development  of  criteria  for  suitability  of  materials  for  use  in  fuel  systems. 

During  the  first  year  of  contractual  effort,  emphasis  has  been  placed  on  evaluation,  improvement,  and  develop¬ 
ment  of  thermal  stability  test  methods.  Now,  as  in  the  past,  any  broad  evaluation  of  effects  of  materials  on  fuel 
thermal  stability  is  hampered  by  excessive  testing  requirements  in  terms  of  time  and  fuel,  as  well  as  by  the  lack  of 
any  general  agreement  on  validity  of  present  test  methods  and  the  notably  poor  precision  of  many  of  the  methods. 
For  these  reasons,  work  on  materials  compatibility  during  the  First  year  of  contractual  effort  has  been  limited  to 
specific  items  of  immediate  interest,  along  with  a  start  on  a  long-range  study  of  effects  of  dissolved  metals  on 
thermal  stability.  Meanwhile,  as  described  in  this  section,  various  types  of  equipment  and  procedures  for  thermal 
stability  testing  have  been  examined,  and  modifications  and  improvements  have  been  evaluated.  Among  the  short¬ 
term  problems  that  have  been  investigated  are  the  effects  of  current  fuel  antioxidants  and  certain  coating  materials 
and  elastomers  on  fuel  thermal  stability. 


2.  GAS-DRIVE  FUEL  COKER  STUDIES 


a.  Test  Fuels 

The  fuels  used  in  gas-drive  coker  testing  were  JP-7  fuels  originally  purchased  by  the  Air  Force  against 
Proposed  Specification  MIL-T-38219  (USAF)  dated  December  1965.  The  original  batches  were  designated  10  and 
12,  but  these  went  through  several  operations  before  samples  were  taken  for  the  gas-urive  coker  program  reported 
herein.  Batch  12  was  an  operational  fuei  containing  fuel  system  icing  inhibitor  (FSII)  and  lubricity  additive.  Batch 
10  contained  no  additives  except  an  antioxidant  (2.6-di-tert-buty!-4-methylphenol).  According  :c  data  obtained 
previously  by  the  Air  Force,  Batch  12  had  a  gas-drive  fuel  coker  breakpoint  of  about  675°F;  for  Batch  10,  the 
breakpoints  were  erratic,  normally  about  575°F  with  occasional  values  as  low  as400°F. 


Both  fuels  ha  1  been  used  in  various  nondestructive  tests,  and  the  “used  fuel”  remaining  from  these  tests 
represented  the  starting  material  for  preparation  of  the  treated  fuel  used  in  the  gas-drive  coker  studies. 

One  fuel  used  in  (his  program,  designated  in  this  report  as  12-U,  consisted  predominantly  of  Batch  12 
fuel  alter  a  pillow-tank  storage  test  A  sample  ot  this  fuel  was  taken  in  two  epoxy-hned  drums  and  used  in  the 
gas-drive  coker  program  without  further  treatment 

The  bulk  ot  the  Batch  I  2  lucl  from  the  pillow  tank  test  was  treated  by  the  Air  Force  by  means  of  one 
pass  through  a  commc<.;al-si2e  cmy-t renting  reclamation  unit,  during  this  treatment,  it  was  commingled  with 
substantial  amounts  of  Batch  10  previously  in  the  unit.  A  600-gallon  quantity  of  this  commingled,  treated  fuel  was 
subsequently  transferred  by  SwRI  to  an  indoor  aluminum  tank  and  subjected  to  fuither  ehy  treatment  by  recir¬ 
culating  through  a  clay-camster  filter  Extreme  precautions  were  observed  to  avoid  contamination,  tn  particular .  no 
topper-silos  liftings  were  used  in  the  handling  system,  rigorous  flushing  procedures  were  followed  to  remove  all 
tr  ices  of  previous  fuels,  and  the  treating  system  included  an  efficient  filter  for  removal  of  particul^e  matter. 


1 


Thi*  retreated  fuel,  designated  10*1 2-T,  was  held  indoors  in  the  aluminum  tank  throughout  this  program. 
The  following  test  remits  were  obtained  on  the  10-1 2-T  fuel  at  various  stages  in  its  treatment: 


Interfacial  tension, 

FSII  content, 

WSIM 

dynes/ cm 

vol  % 

Before  treatment 

99 

42.4 

After  treatment  in  reclamation  unit  ( 1  pass) 

100 

53.4 

0.007 

After  subsequent  clay  treatment  (4  passes) 

99 

53.7 

'  0.010 

TABLE  1.  INSPECTION  DATA  ON  CLAY-  •  It  can  be  seen  that  the  reclamation  treat- 

TREATED  JP-7  FUEL  ment  had  a  significant  effect  in  bringing  the  intei- 

facial  tension  up  to  a  high  value,  which  was  unaf¬ 
fected  by  further  clay  treatment.  The  W31M  was  high 
even  before  treatment.  The  FS11  content  of  the 
treated  fuel  was  far  lower  than  the  working  concen¬ 
trations  of  0. 1 0-0. 1 5%. 

Limited  inspection  test  data  were  ob¬ 
tained  on  the  tinal,  treated  10-1 2-T;  these  are  listed  in 
Table  1.  All  test  results  fell  within  the  specification 
limits. 

When  samples  of  the  test  fuels  were  taken 
for  gas-drive  coker  tests,  they  were  drawn  directly 
from  the  aluminum  storage  tank  into  precleaned 
15-gallon  stainless  steel  containers  (“Bain  Marie" 
type)  and  held  until  the  tests  were  completed.  Any 
blending  operations  that  were  required  were  also  per¬ 
formed  in  these  containers. 

b.  Test  Equipment  and  Procedures 

(1)  Equipment  Configurations 


All  gas-drive  coker  tests  were  run 
on  four  semiautomatic  fuel  cokers  equipped  with 
modified  test  sections  conforming  to  current  CRC 
requirements.  Two  of  the  cokers  were  equipped  with 
standard  CRC  flanged-pipe  fuel  sservoirs;  the  other  two  were  equipped  with  stainless  steel  oxygen  bottles  as  fuel 
reservoirs.  In  subsequent  discussion,  these  are  termed  "standard"  and  "nonstandard”  reservoirs,  respectively. 


Specs* 

Fuel  10-1 2-T 

Distillation:  1BP,°F 

375  Min 

387 

10%,  °F 

400  Min 

402 

20%,  °F 

402  Mint 

406t 

50%,  °F 

420  Min 

420 

90%,  °F 

500  Max 

455 

EP,°F 

550  Max 

494 

Residue,  % 

1 .5  Max 

i.O 

Loss,  % 

1.5  Max 

1.0 

Gravity,  API/60°F 

44-50 

45.9 

Existent  gum.  mg/ 100  ml 

5.0  Max 

3.8 

Total  potential  residue, 

16-hr,mg/100ml 

10.0  Max 

3.8 

Flash  point  (P-M),  °F 

1 50  Min 

162 

Water  separometer,  WSIM 

85  Min 

100 

•MIL-T-38219  (USAF),  Dec  65.  Turbine  Fuel,  Low  Volatility.  1 

j  tCorrected  for  emergent  item. 

Flow  diagrams  of  the  coin.!*  are  presented  in  Figures  1-5.  Figures  1  and  2  shows  the  flow 
configurations  of  the  two  cokers  with  nonstandard  reservo-rs,  before  artd  after  modifications  made  during  the  course 
of  this  program.  Figures  3  and  4  snows  the  cor  figurations  of  the  two  cokers  with  standard  CRC  fuel  reservoirs  at  the 
i»trt  of  this  program;  Figure  5  show,  their  configuration  after  fcwcrfc. 

In  the  early  stages  of  the  program,  the  nonstandard  cokers  were  located  in  a  separate  laboratory 
operated  by  a  different  group  of  personnel.  For  purposes  of  subsequent  discussion,  we  have  identified  the  labors 
lories aa  No.  1  and  No.  2;  both  were  located  at  Wright-Fat terson  AF8  and  operated  by  SwRI  personnel 


The  equipment  identification,  configurations,  and  locations  are  listed  in  Table  2  for  reference. 
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FIGURE  2.  CONFIGURATION  NO.  2,  COKERS  5  AND  6 
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FIGURE  5  CONFIGURATION  NO.  5,  COKERS  I  AND  2 

Cukt-rs  i  and  2  in  their  original  configurations  (3  and  4)  represent  their  condition  at  the  time 
SwRI  assumed  responsibility  for  the  program  As  is  evident  from  the  flow  diagrams,  they  had  been  modified  rather 
drastically  in  the  past,  so  that  much  of  the  plumbing  no  longer  corresponded  to  normal  coker  configuration  The 
plumbing  was  reworked  completely,  to  restore  these  two  cokers  to  the  standard  Configuration  5,  conforming  in  all 
essential  details  to  current  CRf"  requirements. 

Cokers  5  and  t>  in  their  original  form  (Configuration  I )  corresponded  to  the  system  used  in  earlier 
work  by  SwRK  *  **  In  the  subsequent  modification  to  Configuration  2,  the  only  significant  change  was  removal  of  the 
influent  in-line  filter 

12)  Gantra!  Optra  ting  Procadum 

All  tests  were  run  for  5  hours  with  a  fuel  flow  rate  of  2  5  ±  0.1  lb/hr.  Coker  warmup  procedures 
were  standardized  so  that  both  preheater  and  filter  warmup  times  were  held  between  15  and  20  minutes  Preheater 

’’Superscript  numbers  in  parentheses  refer  to  the  list  of  Reference-  at  the  »n4  of  thia  report 


TABLE  l.  GAS-DRIVE  FUEL  COKER 
CONFIGURATIONS 


tubes  were  rated  after  test  in  both  unwiped  and 
wiped  condition,  using  the  standard  Tuberator. 

Breakpoint  is  defined  as  the  lowest  preheater  fuel-out 
temperature  giving  either  an  unwiped  maximum  pre¬ 
heater  color  of  3  or  higher,  or  a  filter  pressure  drop  of 
2.0  in.  Hg  or  more  * 

The  basic  operating  procedures, 
starting  with  ASTM  D  1660,  are  further  defined  for 
the  "CRC-gas-drive”  cokers  by  the  tentative  proce¬ 
dure  circulated  to  the  CRC  Modified  Coker  Panel  on  25  June  1969.  For  the  tv  o  nonstandard  cokers, 
operating  proceduies  are  given  in  Reference  (1),  with  further  modifications  as  described  subsequently. 

The  trisolvent  used  in  this  program  consisted  of  equal  parts  of  tolume,  acetone,  and  isr.  propanol 
(99%).  as  specified  in  the  current  CRC  gas-drive  procedure.  The  acetone  and  isopropanol  used  in  this  program  were 
ACS  reagent-grade  materials;  the  toluene  was  technical -grade  material  confc..ning  tc  Federal  specification 
TT-T-548c. 


Coker 

no. 

Fuel 

reservoir 

1 

Configuration  no. 

Location 
(lab  no.) 

Original 

Final 

1 

Std 

3 

S 

2 

2 

Std 

A 

5 

2 

5  &  6 

Noiutd 

1 

2 

1,  then  2 

Preheater  inner  tubes  were  checked  after  each  test  to  detect  decreases  in  diameter,  which  generally 
occur  as  a  “necking-down”  at  the  hot  end  after  a  few  tests  at  high  temperatures.  Tube  diameters  were  measured  at 
each  inch  along  the  tube  after  each  test.  Original  diameters  of  the  tubes  were  generally  0.623  to  0.625  in.;  tubes 
were  discarded  whenever  the  hot-end  diameter  had  decreased  below  0.615  in.  Since  the  outer  tube  I.D.  is  approxi¬ 
mately  0.647  in.,  the  radial  clearance  (w  idth  of  the  annular  flow  passage)  varies  from  0.01 1  in.  with  a  new  inner  tube 
to  0.016  in.  at  the  time  of  discarding. 

Certain  deviations  from  the  CRC  procedure  were  made  in  all  tests  in  this  program,  on  all  cokers. 
These  are  described  in  the  following  paragraphs. 

Gas-drive  pressure  was  set  at  250  psi  rather  than  210  psi.  The  iatter,  specified  in  the  CRC 
procedure  to  give  a  greater  margin  of  safety  below  the  reservoir  design  pressure,  is  inadequate  to  prevent  boiling  of 
most  test  fuels  at  the  high  temperatures  encountered  in  this  test  program. 

Filter  temperature  was  limited  to  700cFt.  so  that  the  I0O°F  differentia!  between  preheater  and 
filter  temperatures  was  maintained  only  up  to  600/700°F  conditions.  Subsequent  steps  up  in  temperature  were 
625/700, 650/700,  675/700.  and  700/700°F.  This  limitation  was  imposed  to  avoid  fuel  boiling  in  the  test  section. 

Repeat  runs  on  the  same  test  fuel  were  made  without  cleaning  the  reservoir  between  tests.  With 
the  high-quality  fuels  used  in  this  program,  fuel  degradation  in  the  reservoir  at  ambient  temperature  is  most 
improbable. 


(31  Reservoir  Cleaning  and  System  Flushing 

In  the  standard  CRC  procedure,  reservoir  cleaning  is  accomplished  by  removing  flic  head  and 
cleaning  the  interior  by  buffing  with  nylon  abrasive  pads,  followed  by  thorough  rinsing  with  prefilteied  solvents  The 
nonstandard  reservoir  cannot  be  opened  for  cleaning,  so  reliance  must  be  placed  on  flushing  with  solvents.  Once  a 
new  reservoir  is  '-leaned  thoroughly,  it  encounters  nothing  but  filtered  solvents  and  (titered  test  fuel,  interior 
contamination  is  unuinvl  and  should  consist  solely  of  traces  of  fuel  gums  that  might  precipitate  from  unstable  fuels 
during  their  residence  in  the  reservoir  We  feel  that  simple  rinsing  with  filtered  solvents  is  entirely  adequate,  and  that 
mechanical  cleaning  can  contribute  new  contaminants  unless  extreme  precautions  are  taken  In  this  piogram,  the 


•The  u«  of  2  in  Hg  ar  the  tiller  plugging  breakpoint  criterion  in  jsavdrtve  coker  lesU  was  eitjbliihed  in  work  reported  in  ISM  by 
SwR|C  *  Other  laboratories  have  used  1  in  ltg  as  the  criterion. 
r|n  vnne  of  (he  Cartier  tests,  Idler  temperature  -a  as  tunned  to  6  75  T 


standard  reservoirs  were  mechanically  cleaned  in  accordance  with  CRC  procedures,  but  the  nonstandard  reservoirs 
were  simply  flushed  with  trisolvent  and  then  test  fuel.  Since  these  reservoirs  are  light  and  easily  disconnected  from 
the  system,  thorough  rinsing  is  easy  to  accomplish. 

Rushing  fluids  consisted  of  filtered  trisolvent,  followed  by  filtered  test  fuel;  no  extraneous  hydro¬ 
carbon  flushing  fluid  was  used. 

In  the  standard  CRC  configuration  of  the  gas-drive  coker,  flushing  fluids  are  fed  through  the  flow 
system  by  means  of  the  standard  pump  furnished  with  the  original  coker.  We  feel  that  the  full  advantage  of  gas-drive 
apparatus  cannot  be  realized  unless  the  pump  is  eliminated  completely,  but  thus  far  no  suitable  procedures  have 
been  worked  out  for  gas-drive  flushing  with  the  standard  CRC  reservoir.  When  using  the  pump  to  handle  trisolvent, 
contamination  of  the  flow  system  with  wear  debris  is  quite  probable  This  has  been  minimized  in  this  program  by 
cutting  down  the  back  pressure  on  the  pump  below  50  psi  during  this  operation.  With  the  nonstandard  fuel  reservoir, 
gas-drive  for  trisolvent  is  convenient  and  no  pump  is  used. 

(4)  Fuel  Prefi/tretion  and  Aeration 

With  the  standard  fuel  reservoirs,  test  fuel  is  prefiltered  through  0.45-micron  membrane  filters 
either  outside  the  reservoir  or  while  pumping  the  fuel  into  the  reservoir,  then  aerated  for  20  minutes  in  the  reservoir. 
This  procedure  ensures  that  the  fuel  will  be  air-saturated  at  the  start  of  the  test,  but  it  does  allow  the  possibility  of 
test  fuel  contamination  during  the  air-saturation  step,  either  by  entry  of  atmospheric  dusts  during  the  operations,  or 
by  contaminants  in  poorly  purified  air  used  to  aerate  the  fuel.  In  principle,  filtration  should  be  the  final  step  befoie 
the  test  is  started.  Such  filtration  must  be  accomplished  in  such  a  manner  that  the  air-saturation  of  the  test  fuel  is 
not  disturbed;  i.e.,  neither  air  pressure  nor  vacuum  may  be  used  in  the  filtration. 

This  situation  has  been  resolved  in  the  case  of  the  nonstandard  fuel  reservoirs  by  aerating  outside 
and  then  pumping  the  fuel  through  a  membrane  filter  directly  into  the  test  reservoir.  This  reversal  of  the  usual 
sequence  apples  only  to  these  cokers  in  Configuration  2.  after  removal  of  the  influent  in-line  filter.  Such  a  sequence 
could  be  adapted  for  use  in  any  gas-drive  coker,  and.  we  feel,  would  offer  th.  oretical  and  practical  advantages  in 
minimizing  the  possibility  of  fuel  contamination  iri  pretest  handling. 

In  some  of  the  earlier  tests  in  the  nonstandard  cokers  in  Configuration  1.  test  fuel  was  prefiltered 
through  Whatman  No.  12  paper  rather  than  membrane  filters.  Checks  on  the  two  types  of  filtration  were  also  run  in 
later  tests. 


Aeration  time  was  20  minutes  in  all  later  tests  (in  line  with  CRC  procedures).  In  some  earlier  tests 
and  in  special  investigations,  aeration  times  of  5  and  30  minutes  were  used. 

(5)  Drive  Gas 

Helium  was  used  in  early  tests  in  the  cokers  with  nonstandard  reservous  Helium  had  been  used  in 
the  original  work  of  SwRI  in  developing  the  gas-drive  coker  The  low  solubility  ef  helium  in  hydrocarbons  (in 
comparison  with  that  of  nitrogen)  s  an  advantage  in  that  displacement  of  dissolved  oxygen  during  a  test  will  be 
minimized  Also,  the  complete  inertness  of  helium  may  offer  some  theoretical  advantage  over  nitrogen  However, 
nitrogen  has  been  adopted  in  CRC  studies  because  of  the  nonavailability  of  helium  m  other  countries  In  Ihts 
program,  aftei  making  coinpara'ive  studies  of  nitrogen  and  helium,  nitrogen  was  adopted  for  all  subsequent  tests 

(6)  Fluninatton  of  Influent  In-Line  Fitter 

In  the  early  days  of  the  standard  fuel  >oker,  an  iri  fine  filter  was  adopted  for  use  ahead  of  iSe  teo 
section  This  is  a  necesaary  «  id  deniable  item  if  fuel  prefiltration  procedures  are  less  than  adequate,  if  fuel  handling 
introduces  contaminants,  or  if  the  fuel  coker  flushing  procedures  leave  contaminants  m  th?  system  The  in  line  filters 
give  approximately  the  stme  fineness  of  filtration  as  that  of  the  Whatman  No  1 2  pape  used  for  fuel  ptefihraiton  m 
the  standard  coker  test 


Our  recent  experience  with  in-line  filters  ha»  been  poor.  Several  defective  elements  have  been 
encountered,  and  also  a  problem  with  fit  of  certain  filter  elements  and  housings.  Some  elements  have  been  found  to 
be  “plugged”  even  when  newly  installed.  It  alto  appeared  that  the  dements  could  contribute  contaminants  to  the 
fuel  stream  entering  the  test  section.  With  proper  control  of  cleaning,  flushing,  and  filtration  procedure;,  the  use  of 
an  in-line  filter  ahead  of  the  test  section  is  hardly  justifiable.  A  brief  investigation  was  Jimte  of  the  possible  rote  of 
in-line  filter  elements  in  contributing  to  fuel  contamii<ation. 

Four  new  in-line  filter  elements  were  soaked  separately  for  I  hour  in  100  iul  of  triaolvent.  In  each 
case,  the  trisolvent  became  yellow  in  about  10  minutes.  On  two  of  the  filters,  t!  e  glue  used  to  bond  the  paper  to  the 
metal  end-caps  swelled  and  oozed  over  the  caps  during  the  soak,  but  retracted  upon  drying.  After  the  elements  were 
air-dried,  the  weight  losses  averaged  0.12  g  (range  0.03-0.17  g)  or  about  2%  of  the  total  element  weight.  When  the 
trisolvent  soak  liquid  was  diluted  with  about  two  parts  of  JP-7  fuel,  visible  amounts  of  solid  material  were 
precipitated. 


Seven  new  in-line  filter  elements  were  dried  for  1.5  hours  at  100°C,  then  soaked  in  JP-7  fuel  for  24 
hours  at  room  temperature,  then  dried  to  constant  weight  at  150°C.  Weight  losses  averaged  0. 19  g  (range  0.01-0.31 
g),  or  about  3%  of  the  original  element  weight.  All  of  the  soak  fuels  were  slightly  yellow,  except  one  that  was  pale 
purple,  presumably  from  stamping  ink  on  the  element.  The  weight  lots  value*  are  subject  to  some  question  because 
of  the  severe  post-test  drying  that  was  required. 

According  to  all  indications,  the  use  of  an  in-line  filter  ahead  of  the  test  section  is  undesirable, 
since  the  elements  are  affected  by  both  trisolvent  and  the  test  fuel.  The  influent  in-line  filter  was  eliminated  in 
Configuration  2.  in  this  configuration,  the  rotameter  is  located  after  the  test  section,  so  that  the  test  fuel  goes 
direwiiy  from  the  reservoir  to  the  test  section  without  any  intermediate  components,  branch  lines,  or  dead-end 
connections  that  might  interfere  with  flushing  or  contribute  contaminants.  At  the  same  t ime,  the  reversal  of  the 
filtration-aeration  procedure  was  instituted  as  described  previously.  We  believe  that  this  combination  of  equipment 
and  procedure,  with  closed  reservoir,  last-step  filtration,  and  no  in-line  filter,  is  near  optimum  for  minimizing 
contamination. 

(7)  Other  Equipment  Modifications 

In  the  regular  CRC  configuration,  the  system  pressure  gage  is  located  ahead  of  *he  test  section  but 
after  the  influent  in-line  filter  Any  pressure  loss  in  the  in-line  filter  will  result  in  a  pressure  gage  reading  lower  than 
the  gas  drive  pressure  This  becomes  significant  only  in  the  case  of  certain  defective  filter  elements  that  have  been 
encountered.  In  the  configurations  with  nonstandard  reservoir,  the  pressure  gage  is  located  after  the  test 
section  and  effluent  in-line  filter;  here,  pressure  losses  in  the  filters  occur  regularly  and  cause  large  dis¬ 
crepancies  between  the  gage  readings  and  the  actual  gas  drive  pressure,  sometimes  as  much  as  25  pfi  dif¬ 
ference  Under  these,  conditions,  the  gage  readings  cannot  be  used  to  control  the  gas -drive  pressure.  For  this 
reason,  in  the  final  version  of  the  equipment  with  nonstandard  reservoir  (Configuration  2),  the  pressure  gjge  on  the 
cylinder  gas  regulator  is  used  for  control  of  gas  drive  presairr  The  downstream  ptesiuu  gage  then  serves  only  as  a 
check  on  filter  plugging. 


Another  minor  modification  of  equipment  on  the  cokers  with  nonstandard  reservoir  (Configura¬ 
tions  1  ar.d  2)  was  the  installation  of  a  manometer  flushing  line  as  indicated  in  the  figures  Thu  is  a  convenience 
item,  permuting  a  thorough  flush  using  minimum  quantities  of  flu-di 

(81  Air  Supply  for  Aeration 


Mention  should  tve  made  of  difficulties  with  contaminated  air  thal  were  encountered  m  eatiy  tests 
in  "lab  So  I."  Because  of  an  inadequate  ait  dner  rytten.  the  ai:  used  in  amtmg  fuel  samples  apparently 
contributed  contaminants  m  many  of  the  earfv  tests  As  discussed  subsequently ,  Contsmmaied  ait  was  found  to  be 
responsible  for  certain  disagreements  m  results  between  the  tsvo  laboratories  in  lh;s  prog  am 


(9!  PrefiMter  Color  Satin# 


Several  difficulties  were  encountered  in  color-rating  the  preheater  tubes.  Occasional  cases  of 
wipabie  deposits  we*e  encountered,  Uthou.  '-  these  are  relatively  uncommon  in  the  gas-drive  coker,  in  these  cases, 
wiping  would  generally  lower  the  color  rating,  but  occasionally  a  light-colored  wipabie  deposit  would  overlay  a 
darker,  adherent  deposit.  Both  unwiped  and  wiped  ratings  were  recorded,  but  breakpoints  were  traied  on  the 
unwiped  ratings.  Peacock  deposits  give  trouble  in  many  ratings,  since  it  was  often  difficult  to  distinguish  where  the 
peacock  colon  teft  off  and  ‘legitimate”  deposit  colots  began.  Peacocking,  if  clearly  identifiable  as  such,  was  ignored 
in  establ idling  the  breakpoints.  This  approach  is  in  line  with  the  generally  held  opinion  that  peacock-colored 
deposits  represent  very  fiiin  coatings,  much  thinner  than  deposits  corresponding  to  the  normal  ASTM  color  codes. 

The  most  serious  problem  in  color  ratings  was  caused  by  the  use  of  an  over-age  color  standard  in 
the  early  part  of  the  program.  This  standard  was  in  use  in  the  laboratory  at  the  time  SwRl  assumed  >  rponsibility  for 
the  program,  and  the  discrepancy  between  standards  did  not  come  to  light  for  some  time.  It  was  found  in  a  CKC 
cooperative  program  that  the  SwRl  ratings  were  consistently  lower  than  those  of  other  laboratories,  and  this  was 
traced  to  the  color  standard.  This  over-age  standard  was  definitely  darker  than  newer  standards,  so  that  a  prelieater 
.ated  No.  3  using  the  current  standards  would  generally  be  rated  No.  2  using  the  older  color  standard.  For  purposes 
of  d.  a  identification,  it  should  be  noted  that  the  old  color  standard  was  used  in  rating  all  tests  run  in  “Lab  No  2" 
prior  to  8  May  1969.  Test  results  based  on  the  old  color  standard  are  identified  as  such  in  the  tables  of  this  report. 

c.  Test  Results  and  Discussion 
(1}  Preliminary  Tests 

Gas-drive  coker  tests  were  run  in  Lab  1  on  the  “untreated”  JF-7  fuel  designated  fuel  1 2-U.  These 
results  are  summarized  in  Table  3.  The  indicated  breakpoint  in  ti  series  of  15  helium-drive  tests  was  400°  F.  Two 
nitrogen-drive  tests  were  nm  in  Lab  2  at  this  time  (see  Table  ?>  indicating  a  breakpoint  of  45(fF.  The  breakpoint 
w  is  governed  by  preheater  deposits  in  all  c^ies;  no  significant  f  her  plugging  was  observed  with  test  temperatures  as 
high  as  5S0/650°F.  The  breakpoints  of  400450°F  were  lor  than  had  been  expected  for  a  JP-7  fuel,  but  are 
consistent  with  the  previous  handling  history  of  the  fuel. 

(21  Helium  v»  Nitrogen  Drive 

Tests  were  run  on  the  day-treated  JP-7  fvc;  tiO-i2-T)  With  helium  and  nitrogen  drive;  the  results 
are  summarized  in  Table  4.  The  breakpoints,  in  aH  cases  related  to  preheater  deposits,  weic  difficult  to  define 
because  of  repeatability  problems  in  all  except  the  first  helium  series  The  only  difference  in  test  conditions  among 
the  series  was  the  use  of  30-minute  aeration  in  Series  1  (helium)  and  3-minute  aeration  in  the  other  three  series 
Differences  in  aeration  time  should  not  be  expected  to  cause  major  variations  in  test  results  on  this  particular  fuel, 
which  had  been  exposed  to  air  throughout  its  tong  history  of  handling  and  storage  The  breakpoints  obtained  may  be 
summarized  as  follows: 


Helium,  30-mm  aeration 
Helium.  3-mm  aeration 
Nitrogen.  3-nun  aeration 
Nittogen,  3-min  aeration 


559°?  sharp  breakpoint 
SOOT,  so failures  at  4  50-4  75 T 
475°F,  one  pass  at  SSO^F 
47J°F,  one  failure  ar  450" F 


The  higher  breakpoint  in  -he  first  helium  senes  cannot  be  explained  by  any  reasonable  theory  II 
■Milton  time  were  enthral,  cither  becausi  of  difference*  in  degree  of  saturation  or  differences  :n  contaminant 
contribution,  by  the  an.  the  longer  aeufson  time  sboHd  gr»-:  lower  breakpoints,  contrary  to  he  actual  lesvtts  ’  he 
air  supply  used  for  aeration  at  tha  cime  was  cheeaed  by  passing  air  through  a  trap  for  18  hoots;  no  v*»iblc 
comamtnams  were  obtained 


The  two  g*s  cylinders  used  tn  these  tests  were  sampled  and  checked  by  mas*  spectrometry  The 
heltum  showed  shs  impurities  The  nitrogen  showed  very  small  amounts  (below  0  04%)  o(  an  unidentified  materia) 
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TABLE  2.  GAS-DRIVE  COKER  TESTS 
ON  UNTREATED /P-7 


Fk tel:  12-U 


— - - 

FBteT 

in  Hi 

- - - 

— . . 

Test  temp, 

Tibe  rating, 

Test 

Coker 

Dste 

8F 

un  wiped  (wiped) 

DO. 

no. 

Lab  J,  coker  conflgumtion  1.  helium  drive 

j  Paper  filmakm,  emtio*  30  mi* 

350/450 

J  (1) 

0,0 

43 

S 

17  Apr  69 

375/475 

1  (1) 

0.2 

$( 

5 

28  Apr  69 

400/500 

3  (3) 

0.0 

47 

5 

16  Apr  69 

400/500 

2  (3)* 

OjO 

48 

5 

24  Apr  69 

400/500 

3  72) 

0.0 

53 

5 

25  Apr  69 

425/525 

2  or 

OjO 

45 

5 

21  Apr  69 

425/525 

4  (4) 

0.0 

47 

5 

23  Apr  69 

450/550t 

3  (1) 

OS 

32 

5 

27  Apr  69 

450/550 

4  (2) 

00 

37 

5 

11  Apr  69 

450/550 

3  (4  r 

OjO 

44 

5 

18  Apr  69 

450/550 

4  (4) 

OS 

46 

5 

22  Apr  69 

475/575 

4  (4) 

/>.? 

36 

5 

8  Apr  69 

475/575 

4  (3) 

0.0 

35 

5 

7. Apr  69 

590/600 J 

3  (3) 

0.0 

34 

5 

2  Apr  69 

550/650 

4  <4> 

0.0 

L” 

5 

1  Apr  69 

Lab  2,  coker  cvnfigwvticm  3,  nitrogen  drive 

[  0  4 5-mkron  filtration.  amnion  3  mn 
l _ _ _  .  . 

425/525 

z**  ur*  !  o.o 
| 

3**  ur*  |  oo 

559? 

J 

28  Apr  69 

450/550 

55fJ 

l 

29  Apr  69 

. . 

|  *  Wiped  fe&e  dsrW  tk**i 

rXr  c*&r*0t  psa*  kid  tk>w  «t*c  iw#  f«?.,40  Ifc&r}. 

trw  am  h*sh-a*i  »/*in. 

wMR  o*r*-*ff  ;ma4vfA- 

with  .Twteaifa*  wetgfei  of  Ji  The  ««?*$».  u«rtf  in  t*s*s  f'«jwt«4  Awl  m  ti*  report 

onformed  to  the  rvamf  CRC  retptwretvmr ;  99.5%  pore .  «!-?«*,  Gxmttttill?  mitsfcie  |hmw  *m tf  ifto  of  eqmk 
or  better  q>‘»hty  Hun  SptMi6e*rje«i  SR-N 4U.  Type  I.U*8 l, fcfidr  8. 

li  *xy  fe«  theortred  tN;  ntuagte  VS  dMf&K*  *wre  osyfe*  from,  at*  M  M  dbrtef  tti  riodewc* 
hi  -.he  preswriretl  &  *t*<sep*i  Sw  with  th*  .faftfl  of  fedfcxev  » 7*  i&roffti  »  cpwdtmWi'  war*  sohibi*  «e 

Ikd  thi«  3  helium  if  there  3  iny  fecum*^  « frwtmwt  yttasit  dsttstg  ifv.  tew .  **  r»s*v  hrpprei  w»<h  Isrpe  dinfM 


TABLE  4.  NITROGEN  VS  HELIUM  IN  GAS- 
DRIVE  COKER  TESTS 


Fttd  10-127 

Lab  1,  coktr  coafoemtkm  t 


Cm  Map, 

*r 

fUbnauaw, 

FS\r 

4#. 
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wo. 
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2 
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62 

3 

1  May  69 
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2 

(2) 

00 

73 

5 
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1 
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74 

6 
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00 

72 

6 
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4 
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71 
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4 
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3 
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89 

3 
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OS 

92 

6 
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2 
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90 

6 
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2 
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91 

5 
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4*5/575 

4 
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95 

6 
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4 
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5 
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4 

<<) 

on 

93 

6 

4  Jun  69 

500,400 

3 

(2) 

on 

94 

5 

5  Jun  69 

500400 

4 

(3) 

on 

97 

6 
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4 
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on 

87 

6 
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4 
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o.e 

88 

5 
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r 

0.0 

83 

5 
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? 
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6 
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3 
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81 

5 
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86 

6 
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4 
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00 

80 

5 
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41 

6 
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O) 

00 
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5 
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4 
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00 

75 

, 
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7* 

6 
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4 
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79 

5 
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2 

(2) 
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76 

b 
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4 
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00 

77 

S 
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1 
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(» 

00 

94 
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2 
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on 
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* 

10  tun  69 

450/5*0 

t 

Of 

08 
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i 

O) 

00 
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b 
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> 
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US 

99 

b 
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4 
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00 
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5 
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in  ambient  temperature  or  a  poorly  fiuvnioning  pressure 
regulator,  the  nitrogen  should  strip  more  oxygen  from 
the  fuel  than  would  be  stripped  by  helium.  !f  such  strip¬ 
ping  should  occur,  tests  with  nitrogen  would  presumably 
be  run  at  s  lower  average  oxygen  content  of  the  fuel, 
hence  thould  be  milder. 

The  data  do  not  support  any  such 
hypothesis.  So  far  as  »  an  be  determined  from  the  data 
shown,  test  severity  vith  nitrogen  does  not  differ  sig¬ 
nificantly  from  that  with  helium.  In  view  of  the  prob¬ 
lems  with  repeatability,  this  must  be  regarded  as  a  quali¬ 
fied  conclusion. 

All  subsequent  tests  in  this  program 
were  run  with  nitrogen  drive. 

(31  E  fleet  of  PrefilrratiOi )  Procedure 

Three  series  of  tests  were  run  com¬ 
paring  gas-drive  coke:  results  on  Fuel  10-1 2-T  using 
alternate  prefiltration  procedures  One  was  the  use  of 
Whatman  No.  12  paper  used  with  gravity-flow  filtration, 
a.-  is  the  regular  practice  with  the  standard  ASTM  fuel 
coker.  The  other  wa»  the  use  ot  \45 -micron  membrane 
filters,  as  has  been  the  usual  practice  with  various  modi 
Tied  fuel  cokers.  Improvement  in  apparent  thermal 
stability  *hat  is  caused  by  the  use  of  the  finer  filtration 
(membrane  filters)  has  been  demonstrated  for  many 
fuels  The  current  studies  were  performed  using 
i-ininute  aeration  and  nitrogen  drive,  in  two  labora¬ 
tories  The  results  of  this  study  are  listed  in  Table  5 

Comparing  only  the  Lab  2  results,  it 
wiil  fce  noted  that  the  tests  with  paper  filtration  gave  a 
very  ciear-cu!  breakpoint  at  650°F.  With  membrane  fil¬ 
tration,  the  breakpoint  was  also  bS01'F,  but  occasional 
failures  were  encountered  ct  600-6  25°  F  Tne  lack  of  any 
improvement  by  fine  prefiltration  probably  indicates 
that  the  fuel  was  qui>r  clean  whrr,  taken  for  tec,  or  that 
any  solid  conterrunant  particles  were  Urge  enough  that 
eithei  filter  would  remove  t.iem  Presumably,  if  particle 
removal  is  not  a  critical  factor,  the  paper  filtration  could 
improve  the  apparent  thermal  stability  by  adsorption  of 
trace  amounts  ct  polai  contaminants  dissolved  m  the 
fuel 

The  Lab  }  results  gawr  Udtni  results  at 
600°f.  no  further  teats  were  tuts  at  lower  step*  in  tens 
per  i  litre  to  define  the  b.eakpomt  That  discrepancy 
bc<  teen  the  results  a f  rise  two  laboratories  r.  4t*ai  «.  d 
further  in  the  following  ire isstt. 


tmmmmtsMime*, 


(4)  ifftct  of  Atr-Sufipty  Contamhmm 

Discrepancies  in  tenth*  between  Lab  1  tad 
Lab  2  had  become  evident  upon  computing  the  over-ail  tenths 
on  the  treated  fuel  10-1  ?.-T.  Earlier  results  in  Lab  1  had 
indicated  a  breakpoint  oi  about  475°f  for  tius  fuel  (Table  4, 
nitrogen  drive),  whereas  the  Lab  1  tr  rubs  with  identical  pro¬ 
cedure  had  indicated  a  breakpoint  of  6MfF  (Table  5,  paper 
filtration).  At  this  saac  time.  Lab  1  was  obtaining  faflarw  at 
600°  f 

Cross-checks  between  the  laboratories  were 
run  by  exchanging  cleaned,  assembled  preheater  sections,  to 
determine  whether  differences  in  this  equipment  or  in  the 
cleaning  procedures  were  affecting  the  test  results.  The  dis¬ 
crepancy  between  laboratories  still  exited  After  cross¬ 
checking  several  other  possible  sources  of  the  discrepancy,  it 
was  determined  that  contamination  of  the  air  rupply  used  for 
fuel  aeration  in  Lab  1  was  the  primary  source  of  error. 

Earlier,  the  filtered  an  supniy  in  Leb  I  had 
been  checked  qualitatively  and  found  to  be  clean.  However, 
after  installation  of  a  more  efficient  chemical  drier  aid  some 
cleaning  of  air  lines  and  rephtmbing,  test  results  in  that  labora¬ 
tory  fell  into  line.  Also,  a  temporary  reconversion  to  the  old 
air  supply  led  again  to  tailing  coker  tests  The  following 
sequence  was  observed  in  successive  tests  at  6O0/675*F : 

Tube  rating, 
u/i wiped  (wiped) 


With  improved  air  supply,  bur  lines  not 
yet  cleaned 
After  dcaning  tines  - 


Afier  reconverting  to  old  system 


4 

2 

-> 

*> 

4 

'T 


(4) 

<2) 

(2) 

(2) 

(2) 

(3) 

(3) 


iiiterci.ltflgty,  «i  the  last  test  in  the  series 
show-.!  above ,  a  Fitter  pv<  ssiife  drop  of  27  >n  Hg  was  observed 
So  significant  i-ilt«ar  phtjgmg  had  occurred  hi  any  of  tbs  poor 
tests 

These  difficulties  with  aw  c tan artunat tern 
haw  penafed  out  the  ftii  that  the  influent  in  itrsr  filter  which 
was  present  during  ah  Irtt*  dis-usssd  thus  far,  ta  not  adequate 
insurance  again  it  ffc-  -  sirf  of  -.jccuneiur  trust  ctmirol  of  «rr 
quality  is  obvwudy  However,  any  aysicni  fat  fdwt 

mg  and  d ty  ing  au  is  uriijecl  s «  ssc^asicsd  breakdown,  and  it 
does  not  appear  bkeh  that  ItETS-  certawty  of  SMUWMm^ 
free  au  wiS  be  achieved  m  rnov  practical  *»  supply  lyutm 
Lot  th«  rerwm  rt  sppra**  dcsicabi*  io  trwm  the  teqaeac*  of 
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TABLE  5.  fRf FILTRATION  PROCEDURES  IN 
GAS-DRIVE  COKER  TESTS 

Fud  10-12-T 
Aent  m  tine  J  min 
Nitrogen  drive 
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fuel  handling  before  the  teat,  so  that  it  is  first  aerated  and  then  filtered.  This  sequence  was  adopted  for  the  two 
“nonstandard”  cokers  at  the  time  they  were  modified  to  Configuration  2,  in  which  there  is  no  influent  in-line  filter. 

At  this  time,  the  nonstandard  cokers  were  moved  to  Lab  2,  and  further  tests  were  run  on  the 
treated  fuel  10-1 2-T.  Results  are  listed  in  Table  6.  Excellent  repeatability  and  a  breakpoint  of  62S°F  are  indicated 
for  tests  run  with  both  Configurations  1  and  2.  Two  of  the  tests  were  run  some  two  months  later  than  the  others  as  a 
check  on  maintenance  of  fuel  quality  during  its  storage  in  the  indoor  aluminum  tank,  it  should  also  be  noted  that 
the  breakpoint  of  625°  F  obtained  in  these  tests  is  in  good  agreement  with  the  results  obtained  previously  in  two 
different  cokers  (Table  S,  Lab  2,  0.45-mtcron  filtration,  cokers  1  and  2),  where  the  fuel  was  marginal  at  625’F  and 
clearly  unstable  at  650°F. 

In  all  of  these  tests,  breakpoints  were  contingent  on  preheater  deposits.  No  filter  plugging  was 
observed  in  any  tests,  once  the  air-supply  situation  had  been  esolved. 

The  treated  JP-7  fuel,  10-1 2-T,  was  used  in  further  work  on  the  effects  of  metal  contaminants  on 

thermal  stability. 

(S)  Auxiliary  Analyses 

Samples  were  drawn  for  spectrophotometric  analysis  and  limited  inspection  tests  during  certain 
gas-drive  coker  tests,  in  an  attempt  to  detect  changes  in  fuel  properties  that  could  be  related  to  coker  results.  The 
effluent  in-line  filter  element  was  removed  for  these  tests,  to  minimize  any  improvement  in  fuel  properties  due  to 
filtration  after  the  thermal  stressing.  Also,  the  test  filter  was  bypassed  during  sampling  in  some  cases.  The  coker  tests 
involved  were  Nos.  94-97  (see  Table  4,  Series  II),  which  wee  run  with  helium  drive  and  paper  prefiltration  of  the 
test  fuel.  No  plugging  of  tne  coker  test  filter  was  observed  in  any  of  these  tests;  the  preheater  tube  ratings  ranged 
from  2  to  4. 


Light  transmittance  data  were  obtained  in  the  visible  (425  mu)  and  ultraviolet  (295-297  m/a) 
regions.  The  test  results,  shown  in  Table  7,  are  expressed  as  peicent  'ge  decreases  in  transmittance  on  passing  the  fuel 
through  the  coker.  Very  litt'e  change  in  visible-light  transmittance  was  observed.  Ultraviolet  transmittance  decreased 
some  14-27%  on  passing  the  fuel  through  the  coker.  The  most  valid  comparison  is  given  by  Tests  96-97,  in  which  the 
coker  test  filter  was  bypassed  during  sampling.  The  ultraviolet  transmittance  decrease  was  more  pronounced  for  the 
"failing”  coker  test  which  was  run  at  the  higher  temperature.  It  is  also  interesting  to  note  the  diminishing  effect  on 
light  transmittance  as  the  coker  test  progressed. 

More  data  of  this  nature  would  he  of  interest  ir.  attempting  to  relate  preheater  deposit  behavior  to 
changes  in  the  fueis  themselve".  Because  of  other,  more  urgent  problems  in  this  program,  no  further  work  was  done 
along  this  line. 


Coker  effluent  samples  from  Tests  %  and  97  were  subjected  to  limited  inspection  tests.  No 
significant  changes  (in  comparison  with  base  fuel  properties)  were  found  in  gravity.  Hash  point,  o<  distillation,  with 
the  exception  of  an  unexplained  decrease  in  the  distortion  end  poim 


Base  fuel 

494  F 

Test  9e,  effluent 

488”  F 

Test  ‘>7  effluent 

48.1 'F 

The  following  changes  were  observed  m  gum  and  acid  contents 

Base  fuel 

Test  96 

Test  47 

Existent  gum,  mg/ 1  &*•*»! 

.1.8 

3  7 

4  8 

Potential  gum,  mg/ 100  ml 

3.8 

2.4 

4  8 

Oxidation  precipitate,  mg/ 10C  ml 

0.0 

0.0 

0.0 

Neutfa.IirasiKsn  number,  mg  KOH/g 

0.00.1 

0.006 

0  006 

14 

tKinf 


TABLE  6.  BREAKPOINT  RECHECKS  ON  TREATED  JP-7  FUEL 


Fuel  \0-l2-T 
Lab  2 

Nitrogen  drive 


Test  temp, 

°F 

Tube  rating, 

Filter 
AP, 
in,  Hg 

Test 

no. 

Coker 

no. 

Config 

no.* 

Date 

unwiped 

(wiped) 

600/700f 

2H 

(2+) 

0.0 

133 

5 

2 

13  Aug  69 

600/700 

2 

0+) 

0.0 

134 

6 

2 

1 3  Aug  69 

600/700 

2 

(2) 

0.0 

191 

6 

2 

20  Oct  69 

625/675 

3+ 

(2) 

0.0 

130 

6 

1 

4  Aug  69 

625/700 

4 

(4) 

0.0 

131 

5 

2 

1 2  Aug  69 

625/700t 

4+ 

(4+) 

0.0 

135 

5 

2 

14  Aug  69 

625/700 

4 

(4) 

0.0 

136 

6 

2 

14  Aug  69 

650/675 

4 

(3+) 

0.0 

129 

5 

1 

4  Aug  69 

650/700 

4 

(4) 

0.0 

132 

6 

1 

•t  * 

12  Aug  69 

650/700 

4+ 

(4+) 

0.0 

192 

6 

2 

21  Oct  69 

‘Configuration  1  included  influent  in-line  filter.  Configuration  2  did  not.  With  Configura¬ 
tion  1,  fuel  was  paper  filtered  and  then  aerated  3  niin.  With  Configuration  2,  fuel  was  aerated 
20  min  and  then  filtered  through  0.45-micron  membrane  filter. 
tFlow  rates  too  high  (2.79-2.81  Ib/hr). 


TABLE  7  LIGHT  TRANSMITTANCE  OF  COKER  EFFLUENTS 


Fuel  coker  test  no. 

v4 

95 

96 

97 

Test  temperature,  °F 

500/600 

475/575 

475/575 

500/600 

Tube  rating,  unwiped  (wiped) 

3(2) 

4(1) 

2(2) 

4(3) 

Bypass  line  duiing  sampling 

Closed 

Closed 

Open 

Open 

Decrease  in  transmittance  at 

425  m,i.  '3* 

1  50-min  sample 

1 

1 

0 

1 

210  min  sample 

1 

1 

0 

0 

2'70.»?wi  simple 

. 

1 

1 

0 

Decrease  in  transmittance  at 

295-29  ’  tnu.  3 " 

i  50-min  sample 

1« 

‘S 

20 

2!0-min  sample 

18 

20 

20 

25 

270  min  sample 

14 

- _ 

15 

_ 

L. Js  . 

3.(1 

*1  tfht  tef  erred  to  (h 

i _ _ 

*t  of  fiftrted  hiic  fuel  trim*  same  .oKcj 

test 
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The  changes  are  small  but,  in  some  cases,  significant.  So  far  as  the  gum  contents  are  concerned,  (he 
more  severe  coker  test  conditions  (Test  97)  gave  significant  increases  hi  gum. 

(6)  Meal  Contents  of  Effluents 

Effluent  fuel  samples  were  drawn  during  four  coker  tests  for  analysis  for  iron,  copper,  zinc,  and 
lead  contents,  as  background  information  for  subsequent  work  on  metal-contaminated  fuels.  The  results  of  these 
analyses  are  presented  in  Table  8.  The  “base  fuel”  (filtered  fuel  sample  prior  to  test)  was  generally  metal-free  within 
the  limits  of  detection,  except  for  small  amounts  of  iron  in  two  samples  and  one  instance  of  detectable  lead. 
Generally,  the  lead  contents  reported  here  must  be  regarded  with  some  suspicion,  in  view  of  difficulties  in  the 
sampling  and  analytical  procedures  as  discussed  in  a  later  section  of  this  report.  It  is  interesting  to  note  that,  in  the 
effluent  samples,  higher  lead  contents  were  encountered  in  coker  5  than  coker  6;  no  explanation  has  been  found  for 
this  difference.  Copper  contents  of  the  effluent  fuels  showed  significant  increases  over  those  of  the  base  fuels  in  all 
cases.  Copper  pickup  during  passage  through  the  coker  could  be  caused  by  contact  of  the  fuel  with  brass  valves  and 
fittings  on  the  cooler.  If  this  is  the  source  of  the  copper  pickup,  the  phenomenon  is  of  no  importance  so  far  as 
thermal  stability  results  are  concerned,  since  these  components  are  downstream  from  the  test  section.  Another 
possible  source  of  copper  pickup  is  the  preheater  tube  itself.  Preheater  tubes  in  the  standard  ASTM  fuel  coker  are 
made  of  2024  aluminum,  which  has  a  substantial  content  of  copper  and  may  well  contribute  significant  amounts  of 
copper  a  the  test  fuels.  The  preheater  tube  in  the  modified  test  section  (gas-drive  coker)  is  6061  aluminum,  which  is 
very  unlikely  to  contribute  any  significant  amount  of  copper  to  the  test  fuels. 

TABLE  8.  TRACE  METALS  IN  FUEL  COKER 
EFFLUENT  SAMPLES 


Fuel  10-12-T 


— 

Test  and 
coker  no. 

Drive 

gas 

Test  temp, 
°F 

l  ube  rating. 

Metal  content,  ppb 

unwiped 

(wiped) 

"FT 

Cu 

Zn 

Pb 

Base  fuel 

... 

_ 

... 

<5 

<5 

<5 

<5 

85  (5) 

Nj 

500/600 

4 

(3) 

<5 

12 

<5 

31* 

86(6) 

N: 

475/575 

3 

(1) 

5 

10 

<5 

<5 

Base  fuel 

... 

_ 

_ 

... 

5 

<5 

<5 

10* 

89  (5) 

He 

450/550 

3 

(3) 

<5 

6 

<5 

12* 

90(0) 

He 

475/575 

(2) 

<5 

27* 

<5 

<5 

Base  fuel 

— 

... 

... 

II 

<5 

<5 

A 

LX. 

• 

91  (5) 

He 

475/575 

*> 

(2) 

<5 

7 

<5 

!  2* 

92(6) 

He 

450/550 

O) 

5 

IS* 

7 

<5 

I  ‘Mean  of  two  determinations;  agreement  within  ± t O'?  of  mean 
1 _ 


d  Precision  Program  ;n  Gas  Drive  Coker 

Prior  to  the  gasdnve  coker  development  work  that  has  been  discussed  thus  far.  SwRf  participated  in  the 
CRC  Phase  H  Gas  Drive  Fuel  Coker  Precision  Program.  A  total  of  1 1  gas-drive  coker  tests  were  conducted  on  three 
fuels  identified  F.  (RAF!  Ft  RAF- ’*2).  and  G  (AFFB-2P-M)  In  conjunction  with  this  program,  these  fuels 
were  also  tesied  m  the  CRC  research  coker 

All  gas-drive  coke;  tests  were  conducted  in  accordance  with  the  then-current  “CRC  Revised  Test  Pro¬ 
cedure,"  CRC  Ref.  No.  681  2-983.  W.  G  thikek  Coker  no.  1,  in  Configuration  3  (see  Figure  .1)  was  used  in  running 
these  tests.  The  SwRI  results  are  luted  m  Table  9 
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TABLE  9.  SwRi  RESULTS  IN  CRC  PRECISION  PROGRAM 

All  gas-drive  coker  tests  at  2.5  lb ’hr  in  coker  l,  Configuration  J 
All  research  coker  tests  at  6.0  Ib/hr  in  coker  4,  ambient  reservoir 


Test  temp, 

•F 

Unwipri 
tube  rating* 

Filter 

AP, 

m.Hg 

Test 

no. 

Date 

Rater  1 

Rater  2 

Fuel  E,  gas-drive  coker 

475/575 

0 

0 

0.0 

5388 

13  Feb'69 

475/575 

0.5 

1.5 

0.0 

5418 

6  Mar  69 

525/625 

0.5 

0.5 

0.0 

5389 

1 4  Feb  69 

575/675 

1 

0.5 

00 

5386 

1 2  Feb  69 

575/675 

0.5 

0.5 

0.0 

5391 

17  Feb  69 

Fuel  E,  research  coker 

475/575 

1 

1 

0.0 

5390 

14  Feb  69 

475/57"' 

1 

I 

0.1 

5396 

19  Feb  69 

50U/600 

2 

2 

0.4 

5398 

.20  Feb  69 

525/625 

2 

1.5 

0.1 

5399 

24  Ftb  69 

550/650 

1.5 

1.5 

0.2 

5402 

25  Feb  69 

575/675 

1.5 

2 

0.1 

5403 

26  Feb  69 

600/700 

1 

1.5 

0.0 

f  406 

27  Feb  69 

625/725 

1 

5  5 

0.3 

5407 

28  Feb  69 

650/750 

1 

1 

0.1 

5411 

3  Mar  69 

675/675 

1 

1 

0.1 

5414 

4  Mar  69 

Fuel  F.  gas-drive  coker  j 

52V62S 

0.5 

'I 

0.0 

5395 

IS  Feb  69 

575/675 

1.5 

2 

0.0 

539.7 

18  Feb  69 

625/725 

2.5 

0.0 

5397 

20  Feb  69 

FuW  F,  research  coker 

5S0/650 

0.5 

0.5 

0.0 

5417 

5  Ma.  69 

575/675 

1 

1.5 

0.0 

5423 

7  Mar  69 

575/675 

2.5 

3 

0.0 

5424 

10  Mar  69 

575/675 

1 

1.5 

o.u 

5447 

18  Mar  69 

600,700 

J 

3 

00 

5419 

6  Mar  69 

_ i 

575/675 

15 

0.5 

00 

5400 

24  Feb  69 

625/725 

1.5 

T 

00 

5401 

25  Feb  69 

675/775 

6 

0 

oc 

5404 

_ 

26  Feb  69 

Fuel  (j.  mean  h  coker 

I  600/700 

0  0 

5429 

1 

II  Ifer  ft? 

625/725 

1  5 

•* 

0.5 

5432 

1 2  Mr  i  6V 

650/750 

2  5 

0  7 

5435 

1 3  Mar  69 

650/750 

i 

1 

GO 

5440 

1  /  Mrr  69 

675/775 

4* 

4 

CO 

54  38 

1 4  Mai  69 

•  AB  tvb+i  owhp  £«#op  J 

Tube  ratings  shown  in  Table  9  are  all  unwiped  ratings  made  independently  by  two  technicians.  As 
discussed  previous'v,  the  original  ratings  (shown  in  Table  9)  were  made  against  an  over-age  set  of  color  standards.  All 
preheater  tubes  from  these  tests  were  furnished  to  another  participant  in  the  cooperative  program,  for  comparative 
rating. 


it  will  be  noted  in  Table  9  that  the  research  coker  results  gave  high  breakpoints  for  all  three  fuels.  These 
were,  in  fact,  far  higher  than  had  been  predicted  from  previous  experience  with  these  fuels: 


Expected,  °F 


Actual.  °F 


Fuel  E  (RAF-  179X-64) 

475 

Fuel  F  (RAF- 16  2-60) 

525 

Fut  1  G  (AFFB-2P-64) 

575 

>675 

575-600 

675 


A  careful  review  of  the  research  coker  tests  failed  to  reveal  any  reason  for  these  discrepancies. 


As  a  part  of  this  program,  three  sets  of  10  tubes  each  were  shipped  to  SwRI  for  comparative  rating. 
These  have  been  rated  and  are  being  retained. 

After  the  program  had  been  completed  and  the  data  were  being  analyzed,  it  was  found  that  the  SwRI 
tube  ratings  showed  a  consistent  bias  toward  assignment  of  a  lower  color  code  to  a  given  tube  than  would  be 
assigned  by  the  other  participating  laboratories.  Investigation  revealed  that  the  color  standard  in  use  in  the  SwRI 
laboratory  was  one  that  had  been  in  use  at  the  time  SwRI  assumed  responsibility  for  the  program,  and  that  the 
standard  was  different  from  others  in  current  use.  The  color  standard  in  question  was  very  old  and,  in  fact,  carried  a 
CRC  designation  rather  than  ASTM;  this  indicates  that  it  predates  the  ASTM  takeover  of  the  standard  fuel  coker 
test.  This  standard  was  definitely  darker  than  the  current  standards,  especially  in  the  middle  range,  and  the  shades 
were  somewhat  different.  Thus,  SwRI  ratings  of  a  given  tube,  using  this  standard,  were  low.  The  reason  for  the  color 
difference  has  not  been  determined.  Possibly  the  cciors  have  been  affected  by  aging;  if  so,  this  should  be  a  matter  of 
concern  for  all  users  of  color  standards.  It  is  also  possible  that  the  original  colors  are  in  disagreement,  i.e.  that  the 
colors  of  newly  produced  standards  have  not  been  held  constant  in  manufacture. 

All  30  of  the  tubes  from  the  comparative  rating  program  (which  had  been  retained  by  SwRI)  were 
rerated  using  a  current  ASTM  color  standard,  and  the  results  were  furnished  to  CRC. 

At  the  same  time,  the  outdated  color  standard  was  removed  from  service,  and  all  subsequent  coker 
ratings  in  the  over-all  program  reported  here  were  based  on  current  color  standards. 

3.  EFFECT  OF  DISSOLVED  METALS  ON  FUEL  STABILITY 


a.  Background 

In  a  previous  study^,  it  had  been  demonstrated  that  JP-7  thermal  stability  was  affected  very  adversely 
by  storage  in  contact  with  certain  metals  and  elastomers,  and  that  the  fuel  deterioration  was  associated  with 
increases  in  content  of  dissolved  copper,  iron,  zinc,  or  lead.  In  the  C2se  of  the  zinc  and  lead,  which  showed  up  in 
fuels  stored  with  nitrile  rubbers,  conclusions  on  the  effects  of  the  metals  were  somewhat  ambiguous,  since  other 
contaminants  extracted  from  the  rubbers  by  the  JP-7  fuel  could  augment  the  effects  attributable  to  the  lead  and 
zinc.  The  present  work  has  been  aimed  at  a  clear-cut  definition  of  the  role  of  these  metals  in  degrading  the  thermal 
stability  of  JP-7  fuel,  with  a  view  toward  using  metal  analyses  for  control  tests  during  storage  and  material  com¬ 
patibility  studies. 

The  studies  just  referenced  were  based  on  the  use  of  the  gas-drive  coker  for  measuring  fuel  thermal 
stability.  Most  of  the  present  work  was  also  based  on  the  gas-drive  coker.  A  small  amount  of  work  on  effects  of 
metals  was  performed  using  a  new  test  device  for  thermal  stability,  the  JFTOT  coker.  This  work  is  described  in  a 
subsequent  section  of  this  report. 
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All  metal  analyses  reported  herein  were  performed  at  Monsanto  Research  Corporation  under  the  direc¬ 
tion  of  Dr.  W.  G.  Scribner.  The  methods  for  trace  amounts  of  copper,  iron,  and  zinc  were  summarized  by  Lander^), 
the  method  for  iron  has  been  discussed  in  more  detail  in  a  report  by  Scribner  and  othersW,  and  the  method  for  lead 
is  presented  in  a  recent  report  by  Scribner  and  Borchers^X  In  our  discussion  of  the  results  of  the  lead  determina¬ 
tions,  wc  have  quoted  from  private  communications  from  Dr.  Scribner,  without  giving  specific  acknowledgment  in 
all  instances.  We  wish  to  acknowledge  here  the  dose  cooperation  and  valuable  comments  of  Dr.  Scribner  in  this 
work. 


Thus  far,  the  work  in  the  current  program  has  been  confined  to  determining  the  effects  of  dissolved  lead 
and  zinc  on  the  thermal  stability  of  JP-7  fuel. 

b.  Fuel  Blending  and  Metal  Analyses 

The  metals  used  in  this  program  were  in  the  form  of  commercial  naphthe nates. 

The  two  JP-7  fuels  identified  in  the  previous  section  of  this  report  as  “treated”  and  “untreated”  (12-U 
and  10-12-T)  were  analyzed  for  metal  contents  with  the  following  results: 


Metal,  parts  per  billion 


Fe 

Cu 

Zn 

Pb 

12-U 

57 

<5 

<5 

22 

10-12-T 

5 

<5 

<5 

8 

The  additional  clay  treating  of  the  JP-7  fuel  lowered  the  iron  content  very  significantly.  The  lowering  in  the  lead 
content  is  probably  significant.  The  high  iron  content  of  the  untreated  fuel  is  quite  normal  for  fuel  that  has  been 
through  a  variety  of  handling  equipment  and  procedures.  The  lead  content  could  be  derived  through  trace  con¬ 
tamination  with  residues  of  leaded  gasolines  in  fuel  handling  equipment,  or  it  could  be  derived  from  elastomeric 
components  of  fuel  handling  equipment.  In  any  case,  the  metal  contents  of  the  treated  fuel  10-12-T  are  all 
sufficiently  low  that  the  fuel  is  suitable  for  use  in  studying  metal  contamination  effects;  this  fuel  was  used  in  all 
subsequent  studies  involving  metals. 

The  lead  and  zinc  naphthenates  were  blended  with  the  10-12-T  fuel  as  concentrates  containing  250  and 
2000  ppm  of  metal,  respectively.  These  concentrates  were  blended  in  one-gallon  amber  glass  bottles  and  kept  in  cold 
storage.  Metal  contents  of  the  four  original  naphthenates  and  of  the  two  concentrates  were  verified  by  analyses 
conducted  by  Monsanto  Research  Corp.,  the  results  of  which  are  listed  in  Table  10.  The  lead  and  zinc  concentrates 
were  then  used  to  prepare  test  blends  in  the  parts  per  billion  (ppb)  range  by  mixing  with  additional  amounts  of 
10-12-T  fuel.  Test  blends  were  generally  14  gallons  and  were  prepared  in  stainless  steel  containers.  Samples  were 
taken  from  these  blends  in  glass  bottles  and  submitted  to  Monsanto  for  analysis  for  metal  content.  The  initial  data, 
which  are  listed  in  Table  11,  indicate  zinc  contents  somewhat  lower  *han  the  nominal  amounts  added,  and  lead 
contents  far  lower.  Rechecks  by  Monsanto  on  the  lead  analyses  indicated  that  the  results  were  correct  and  that, 
apparently,  large  losses  of  lead  were  occurring  at  some  stage  in  the  sample  handling.  It  will  be  recalled  that  this 
problem  did  not  exist  with  more  concentrated  solutions  of  lead  naphthenate  (Table  10),  where  the  analytical  results 
on  a  250-ppm  concentrate  gave  close  agreement  with  the  nominal  lead  concentration. 

It  was  suggested  by  Dr.  Scribner  of  Monsanto  that  the  most  likely  cause  of  the  lead  loss  was 
adsorption  on  the  interior  surfaces  of  the  glass  sample  bottles.  For  the  data  reported  in  Table  11,  no  control 
had  been  exercised  over  the  time  interval  between  sampling  and  analysis,  and  this  interval  varied  from  a  few 
hours  to  as  much  as  several  days  or  weeks.  A  controlled  experiment  was  then  run,  in  which  a  100-ml  fuel 
sample  was  blended  (in  glass)  to  a  nominal  lead  concentration  of  487  ppb  and  then  analyzed  for  lead 
content,  with  the  following  results: 


3  hr  after  blending 
22  hr  after  blending 
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316,  277  ppb 
<5  ppb 


TABLE  10.  METAL  CONTENTS  OF  NAPHTHEN  \  i  ES  AND  FUEL  CONCENTRATES 


Nominal 

Average 
%  metal 

Napthenate 

concentration, 
%  metal 

%  metal  found 

Z-l  (zinc) 

8.0 

8.34* 

8.39t  8.43 1 

8.39 

1-1  (iron) 

6.0 

5.95** 

5.86** 

5.91 

C-l  (copper) 

8.0 

8.32+t 

8.43+t  8.31  JJ  8.37tJ 

8.36 

L-l  (lead) 

24.0 

24.2*** 

24.2*** 

24.2 

Metal-fuel 

concentrate 

Nominal 
concentration, 
ppm  metal 

ppm  metal  found 

Average 
ppm  metal 

S-I  (zinc) 

2000 

2090ttt 

2090ttt 

2090 

S-II  (lead) 

250 

247  m 

247 

•Organic  material  was  destroyed  with  sulfuric-nitric  acid.  Metal  was  titrated  at  pH  10  with  (ethylene- 
dinitrilo)  tetraacetate  (EDTA)  using  E nochrome  Black  T  a*  indicator. 

fTwcnphase  titration  with  EDTA  using  Zincon  as  indicator  and  1:1:1  isopropyl  alcohol  benrene 
water. 

{Sample  was  dissolved  in  toluene  and  the  metal  ion  was  extracted  with  aqueous  acid  and  sub¬ 
sequently  titrated  at  pH  10  with  EDTA. 

•‘Organic  nutter  was  destroyed  and  iron  was  titrated  at  pH  3  with  EDTA  using  salicylic  acid  as 
the  indicator. 

{{Metal  ion  was  titrated  with  EDTA  at  pH  4  using  FAN  indicator  after  destruction  of  organic 
matter  with  sulfuric-nitric  acids 

{{Sample  was  dissolved  in  toluene  and  the  metal  ion  was  extracted  into  aqueous  acid  and  sub¬ 
sequently  titrated  with  EDTA  using  FAN  indicator. 

•••Same  as  {{:  Xylenol  Orange  indicator. 

tttExtiaction  of  50  ml  of  fuel  with  aqueous  acid;  metal  ion  was  titrated  at  pH  10  with  EDTA. 
{{{Two-phase  titration  with  EDTA  in  the  presence  of  1  1  1  isopropyl  alcohol-water-fuel;  Xylenol 
Orange  indicator  at  pH  5. 


TABLE  1 1 .  METAL  CONTENTS  OF  FUEL-NAPHTHENATE  TEST  BLENDS 


Sample 

no. 

Pb 

added. 

ppb 

Pb 

found. 

ppb* 

Sample 

no. 

Zn 

added, 

ppb 

Zn  found,  ppb* 

10-12-T 

0 

8 

10-12-1 

0 

5 

M-4 

530 

<5t 

M-l 

6250 

5280(5340.5210) 

M-48J 

530 

18 

M-6 

530 

44 

M-2 

3000 

2540(2570,2500) 

M-8 

530 

9 

M3 

3000 

27)0(2670,2750) 

M  10 

530 

98 

M-3B3 

3000 

2980 

M-5 

3000 

2560 

M  16 

375 

♦  ♦ 

M-7 

3000 

1820(1800,1830) 

M-9 

3000 

2110(2480,2240.2220) 

M-l  2 

250 

183 

Mil 

250 

13 

Ml  1 

;ooo 

520  (  545.490) 

M  14 

1000 

730(745,715) 

M-l  5 

125 

61 

M  17 

500 

_ J 

390 

L_ 

Mingta  dar*«it*»tton,  nr  ivaiaga  f  Indl'lihiil  valuer  a r»  (hewn  is  pannthew 
t  DetenoisaBon  performed  an  tiuptirrta  2ri*d  ■wiglaa.  dm  icltcM  by  arothrr 
MBhrtr  ou  IQtVmt  miapla.  a*  valuer  <J  ppb 
{Second  ratagda  from  rum*  Mead  taatsd 

••getulta  uiMvtdlhh  »»  dm  ti  reporting  New  rampting  proceduru  pul  tain  rffac! 
for  (tin  tad  haler  tamper* 


Further  data  on  similar  blends  have  been  reported  by  Monsanto^),  comparing  the  effects  of  glass  and 
polyethylene  storage  vessels: 


Lead  content,  ppb 

Recovery, 

Taken 

Found 

% 

Glass,  fresh  blend 

542 

3% 

73 

Glass,  after  22  hr 

542 

74 

14 

Polyethylene,  after  22  hr 

419 

286 

68 

The  effect  of  glass  containers  in  depleting  lead  from  naphthenate  solutions  is  thus  shown  to  be  relatively 
rapid  and  very  severe  Polyethylene  has  less  effect,  if  any;  the  losses  that  were  observed  could  have  been  caused  by 
contact  with  glass  during  the  pipetting  of  aliquots  for  analysis.  Another  possibility  for  the  apparent  loss  is  inter¬ 
ference  of  naphthenate  anions  with  the  formation  of  lead  ilithizonate  and  its  subsequent  extraction.  Incidentally, 
these  considerations  do  not  apply  to  fuels  contaminated  with  lead  alkyls,  e.g.,  jet  fuel  contaminated  with  aviation 
gasoline,  since  Monsanto  has  reported  consistent  resuits  (±12  ppb)  on  jet  fuels  doped  with  100  ppb  lead  in  the  form 
of  tetraethyllead  and  stored  in  glass. 


The  14-galion  test  blends  prepared  by  SwRI  were  not  stored  in  glass  at  any  stage  in  their  preparation  or 
handling;  therefore,  it  does  not  necessarily  follow  that  any  significant  tosses  of  lead  occurred  between  blending  and 
testing  for  thermal  stability.  Adsorption  on  the  stainless  steel  containers,  filtration  equipment,  and  fuel  coker 
reservoir  is  a  possibility,  but  the  large  volumes  of  fuel  involved  would  tend  to  reduce  the  relative  effects.  This 
question  has  not  yet  been  resolved,  pending  the  development  and  checkout  of  suitable  sample  handling  methods  for 
the  lead  analyses.  Indirect  evidence  from  the  thermal  stability  tests  themselves  indicates  that  relatively  large  amounts 
of  lead  do  remain  in  the  test  blends.  The  lead  and  zinc  concentrations  reported  in  the  subsequent  discussion  of 
thermal  stability  are  the  nominal  concentrations  added. 


Currently,  the  sampling  technique  for  lead  analys  *s  has  been  changed  in  order  to  avoid  losses  caused  by 
adsorption.  Each  sample  bottle  is  cleaned  with  nitric  acid  anc  rinsed  with  distilled  water  and  reagent-grade  acetone. 
A  weighed  amount  of  the  test  fuel  blend,  roughly  equal  to  the  aliquot  required  in  the  analysis,  is  poured  into  the 
bottle  Ibis  sample  is  then  analyzed,  using  nitric  acid  to  effect  a  qualitative  transfer  of  all  the  lead  from  the  sample 
bottle.  No  results  are  yet  available  on  samples  handled  in  this  manner 


tias-Drive  Coker  Results  on  Metal  Naphthenate  Blends 


Test  results  are  summarized  in  Table  12.  As  no  ed  in  the  table,  all  of  the  tests  were  run  in  cokers 
5  and  b,  i.e.,  those  with  nonstandard  fuel  reservoirs.  Somt  of  the  early  tests  were  run  with  these  cokers  in 
(V  figuration  I,  with  the  test  procedure  including  paper  filtration  followed  by  3-minute  aeration  The 
majority  of  the  tests  were  run  with  the  cokers  in  Configuration  2  (influent  in-line  filter  omitted),  with  the 
test  procedure  including  20-minutc  aeration  followed  by  0  -‘5-microii  filtration  The  early  results  are  somewhat 
suspect  because  of  air  contamination  difficulties,  as  disc  used  previously.  Nevertheless,  the  test  results  on 
metal  naphthenate  blends  showed  little  or  no  difference  between  the  earlier  tests  and  the  later  tests,  and  all 
are  grouped  together  for  discussion. 


Peacock-colored  deposits  on  the  preheatc  tubis  were  observed  in  many  of  the  tests  and  were 
generally'  ignored  in  arriving  at  the  maximum  preheater  color  ratings,  in  view  of  the  generally  held  opinion 
that  such  colors  represent  very  thin  deposits  In  some  cares ;  the  peacocking  was  so  extensive  as  to  interfere 
with  piOpei  rating  of  the  tubes 
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TABLE  1 2.  EFFECT  OF  METAL  NAPHTMENATES  ON  THERMAL 
STABILITY  OF  CLAY-TREATED  JP-7  FUEL 


Fuel  10-12-1' 

C2:~rs  5  and  6,  nitrogen  drive  gas 
Configuration  2,  Lab  2,  except  as  noted 
Aerated  20  min,  then  0.45-micron  filtered,  except  as  noted 


Test  temp, 
°F 

Tube  rating, 
unwiped  (wiped) 

Filter 

AP, 

in  Hg* 

Fuel 

blend 

no. 

lest 

no. 

Date 

530  ppb  add 

r 

erf/% 

2S0/350 

I 

0) 

O.i 

M-4 

1 17+ 

14  Jul69 

275/375 

1 

(0) 

0.0 

M-4 

l!9t 

15  Jul69 

275/375 

1 

0) 

0.0 

M-10 

161 

15  Sep  69 

275/375 

1 

0) 

0.0 

M-10 

165 

17  Sep  69 

300/400 

2 

(1) 

14.9 

M-4 

list 

lOJul  69 

300/400 

I 

(!) 

8.7/270 

M-4 

115+ 

11  Jul  69 

300/400 

1 

(1) 

n.4 

M-10 

159 

i  2  Stp  69 

300/400 

1 

(2) 

4.1 

M-10 

163 

16  Sep  69 

325/425 

1 

0) 

17.9/240 

M-10 

157 

1 1  Sep  69 

350/450 

2 

(2) 

0.0 

M-6 

K2$ 

20  Aug  59 

350/450 

1 

0) 

20.0/170 

M-10 

155 

10  Sep  69 

375/475 

3 

(2) 

0.4 

M4) 

153 

9  Sep  69 

400/500 

1 

(1) 

0.8 

M-8 

147** 

3  Sep  69 

400/500 

4 

(2) 

0.0 

M-8 

152 

8  Sep  69 

425/525 

1 

(!) 

13.2 

M-8 

151 

5  Sep  69 

450/550 

1 

(2) 

2.6 

M-6 

137  J 

1  :>  Aug  69 

450/550 

3 

(4) 

0.0 

M-6 

1401 

1 9  Aug  69 

450/550 

1 

(1) 

12.! 

M-8 

149 

4  Sep  69 

600/700 

4 

(4) 

0.0 

M-6 

139  J 

1 8  Aug  69 

TZ5  ppb  added  Pb 

275/375 

I 

(!) 

0.0 

M-16 

201 

31  Oct  69 

275/3/5 

1 

(!) 

0.0 

M-16 

205 

4  Nov  6° 

300400 

l 

(2) 

7.2 

M  16 

109 

30  Oc  t  69 

300/400 

I 

0) 

6.2 

M-16 

203 

3  Nov  69 

•f-  tltw  n  J00  rain  ufttee  other***  indicated 

tUb  I,  Coaflfafittec  1.  p»p«  filtered.  than  art ited  t  rate 

t Ho*  rate*  too  (2.4  2  9  Ib/hr) 

••Flo*  rate  erratic 
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TABLE  12.  EFFECT  OF  METAL  NAPHTHZNATES  ON  THERMAL 
STABILITY  OF  CLAY-TREATED  /P-7  FUEL  (Coat’d) 


Fud  10-12-T 

Coken  5  and  6,  nitrogen  drive  pu 
Configuration  2,  lob  2,  except  a  noted 
Aerated  20  min,  then  0.45-mkroH  filtered,  except  *  noted 


Te* i  temp, 
6F 

Tube  rating, 

unwtpe5  (wiped) 

■ 

Filter 

6f, 

ia.ffc* 

Fad 

Mead 

90. 

Ted 

no. 

Date 

J  375  ppb  added Pb  (cod'd} 

■1 

325/425 

l 

0) 

10.4/230 

197 

29  Oct  69 

350/450 

1 

0) 

110/161 

09 

195 

28  Oct  69 

250  ppb  add 

WPb 

' 

400/500 

1 

0) 

00 

M-12 

167 

26  Sep  69 

425/525 

1 

0) 

00 

M-12 

168 

29  Sep  69 

425/525 

1 

0) 

0.3 

M-13 

177 

7  Oct  69 

450/550 

4+ 

0) 

oo 

M-12 

166 

25  Sep  69 

450/55-3 

I 

(1) 

0.0 

M-12 

169 

1  Oct  69 

450/550 

4+ 

(4+) 

0.0 

M-12 

173 

3  Oct  69 

450/550 

I 

0) 

0.0 

M-13 

170 

8  Oct  69 

450/550 

1 

G) 

0., 

M-<3 

180 

9  Oct  69 

500/600 

3 

(3) 

0.0 

M-12 

171 

2  Oct  69 

500/600 

4+ 

(4+) 

0.0 

M-13 

181 

lOOct  69 

1 25  ppb  add 

450/550 

1 

0) 

>J.O 

M-15 

187 

16  Oct  69 

450/550 

1 

(1) 

0.0 

M-15 

189 

17  Oct  69 

475/575 

1 

0) 

0.0 

M-15 

193 

21  Oct  69 

5C9/600 

4+ 

(3) 

.*>  o 

V. 

M-15 

185 

15  Oct  69 

500/600 

4+ 

. 

(4+) 

0.0 

M-15 

104 

22  Oct  69 

r>250ppb  aa 

Jed  In 

350/450 

3 

(4) 

0.0 

Ml 

I05t 

25  lun  6<» 

425/525 

4 

<4> 

0  0 

Ml 

104+ 

24  Jim  69 

W  adJrd  ,fn 

250/350  j 

1 

0) 

0  0 

m 

107+ 

50  Jun  69 

*FHla  At  *<  ’<*)  im»  anko  othcrwtt*  tmdkated. 

tl4b  I,  f  t.  paper  tittered.  then  aw«M4  ’  rmo 


TABLE  12.  EFFECT  OF  METAL  NAPHTHENATES  ON  THERMAL 
STABILITY  OF  CUY -TREATED  J?  7  FUEL  (Coat’d) 

FueUV-12-T 

Coken  5  and  6,  nitrogen  dWw  gat 
Configuration  2,  Lab  2,  except  a  noted 
Aerated  20  min,  then  0.45-mktvn  /Stored,  except  as  noted 


Test  temp, 
#F 

Tube  rating, 
unwiped  (wiped) 

Filter 

AP, 
to.  Hg* 

Fuel 

Mead 

no. 

Test 

no. 

Date 

3000ppbat 

ded  In  (Coat  'd) 

275/375 

1 

0) 

0B 

M-2 

109f 

2  Jul  69 

300/400J 

4 

(2) 

0.0 

M-2 

lost 

1  JuJ  69 

300/400 

1 

(1) 

0.0 

M-2 

Hit 

3  Jul  69 

300/400 

1 

(1) 

0B 

M-2 

H4t 

10  Jul  69 

300/400 

1 

0) 

0B 

'  M-7** 

144 

29  Aug  65 

300/400 

1 

(1) 

0.0 

M-9 

158 

12  Sep  69 

325/425 

2 

(2) 

0.0 

M-3 

116t 

11  Jul  69 

325/425 

4tt 

(4)tt 

0.0 

M3 

120t 

I  S  Jul  69 

325/425 

4 

0) 

0.0 

M-5 

143 

20  Aug  69 

325/425 

1 

(1) 

0.0 

M-7** 

145 

2  Sep  69 

325/425 

1 

(!) 

0.0 

M-7** 

146 

3  Sep  69 

325/425 

4 

(4) 

0.0 

M-9 

156 

1 1  Sep  69 

325/425 

1 

0) 

0.0 

M-9 

160 

15  Sep  69 

325/425 

2 

(4) 

0.0 

M-9 

162 

16  Sep  69 

350/450 

4 

(4) 

0.0 

M-2 

106t 

27  Jun  69 

350/450 

3 

(3) 

0.0 

M3 

11®, 

14  Jul  69 

350/450 

3 

(4) 

0.8 

M-5 

141 

1 9  Aug  69 

350/450 

2 

(2) 

0.0 

M-7** 

148 

4  Sep  69 

350/450 

3 

<3) 

0.0 

M-9 

154 

10  Sep  69 

350/450 

4+ 

(4+) 

0.0 

M-9 

164 

17  Sep  69 

400/500 

4 

(4) 

0.0 

M-7** 

150 

5  Sep  69 

450/550 

4 

(4) 

0.0 

M-5 

138 

18  Aug  69 

1000  ppb  added  Zn 

300/400 

1 

(1) 

0.0 

M-ll 

175 

6  Oct  69 

325/425 

1 

(1) 

0.0 

Mil 

176 

7  Oct  69 

325/425 

1 

(2) 

' 

0B 

M  14 

. 

182 

IOOct69 

*F*Mf  A*  •!  300  nta  wttara  othawfat  MteaM 

i  fli>  I.OwHiwulw  1, 

Hex 

NLtiMUMr* 

Miim 

f  iNbaitar  ee&dtei  to  WTf  Mi| 

1  **AMtr4i  ftw  UtortM  aatjr  1406  ppA 
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TABLE  12.  EFFECT  OF  METAL  NAFHTHENATES  ON  THERMAL 
FT  ABILITY  OF  CLAYTREATED  JP-7  FUEL  (Coat’d) 

Fad  10-12-T 

Cokm  5  and  6,  nkrogm  drive  gat 
Configuration  2,  Lab  2,  except  at  noted 
Aerated  20  mm.  0m  045-micron  fiuered.  except  m  noted 


Test  temp. 
°F 

Tube  rating, 
unwiped  (wned) 

Fiber 

AT, 

in.  Hg* 

Fuel 

Mead 

no. 

Test 

no. 

Date 

350/450 

4+ 

(4+) 

0.0 

Ml  1 

174 

3  Oct  69 

350/450 

1 

<D 

0.0 

M-ll 

178 

8  Oct  69 

350/450 

1 

0) 

0.0 

M-14 

183 

13  Oct  i9 

350/450 

1 

0) 

0.0 

M14 

186 

15  Oct  69 

375/475 

4 

(4) 

20.0/187 

M-14 

188 

16  Oct  69 

375/475 

4+ 

(4+) 

20.0/121 

M-14 

190 

17  Oct  69 

400/500 

4+ 

(4+) 

15.0/80 

M-ll 

172 

2  Oct  69 

400/500 

4+ 

(4+) 

20.0/72 

M-14 

184 

14  Oct  69 

450/550 

4* 

(4+) 

0.0 

M-ll 

170 

1  Oct  69 

500  ppb  added  Zn 

325/425 

i 

(2) 

0  0 

M-17 

198 

29  Oct  69 

325/42c 

i 

(2) 

0.0 

M-17 

202 

31  Oct  69 

325/425 

i 

(2) 

0.0 

M-17 

206 

4  New  69 

350/450 

i 

(3) 

2.0/75 

M-17 

200 

30  Oct  6? 

350/450 

i 

(I) 

10.5/75 

M-17 

204 

3  Nov  69 

375/475 

4 

(4) 

1 0.3/60 

M-17 

196 

_ 

28  Oct  69 

_  „ 

•Filter  A"  4t  3(k>  raw  unless  otherwise  indicated 


The  breakpoints  of  the  various  metii  naphthenaic  bientk  arc  urmsnanzed  beiow 


Metal  added. 

Break  pom , , 

ppb 

°F 

None 

625  (tube) 

125 

Pb 

500  (tube) 

250 

n> 

500  (tube) 

375 

Pb 

300  (fitter) 

530 

Pb 

300  (fitted 

5f0 

Ze 

750  (fited 

1000 

In 

3(5  'tube) 

3000 

7.n 

350  (tube) 

b',40 

1.  n 

350  (tube) 

Remarks 


Results  err  stie  at  4  SO  f 
Nc  tube  failures  up  to  35G*f 
Occasional  tube  futures  (hove  375”F 

Tube  larturt  at  375  » 

Filet  alto  phigped  at  37S'F 
Results  matte  *t 
Only  two  tests  run 
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Both  the  lead  and  zinc  gave  very  drastic  reductions  in  breakpoint,  amounting  to  about  125°F  for  the 
lower  concentrations  of  lead  and  some  250-350°F  for  the  higher  concentrations  of  lead  and  for  all  zinc  concentra¬ 
tions  that  v/ere  tested.  Filter  plugging  was  the  mode  of  failure  at  the  higher  lead  concentrations  and  at  the  lower  zinc 
concentrations,  i.e.,  in  the  range  of  375-1000  ppb  of  added  metal.  The  data  on  the  lead-contaminated  fuels  showed  a 
general  trend  toward  lower  breakpoints  as  the  added-lead  concentration  was  increased.  For  the  zinc-contaminated 
fuels  (all  at  relatively  high  added-zinc  concentrations),  breakpoints  were  all  so  low  that  no  trends  couid  be  observed. 

The  ranges  of  lead  and  zinc  concentrations  that  were  chosen  for  these  series  were  based  on  results 
obtained  in  a  previous  program^),  which  are  summarized  in  Table  13.  In  that  program,  JP-7  fuel  was  stored  with 
various  elastomers  and  other  materials.  Eoth  lead  and  ztnc  were  extracted  from  the  elastomers  by  the  fuel,  and,  since 
both  metals  were  present,  no  assessment  could  be  made  of  individual  effects.  Reductions  in  fuel  breakpoint  were  of 
the  same  order  of  magnitude  as  those  found  in  the  current  tests  with  added  metals  In  comparing  results  of  the  two 
programs,  it  should  be  kept  in  mind  that  the  chemical  form  of  the  metals  in  the  earlier  tests  is  unknown,  and  also 
that  the  reported  metal  contents  in  the  earlier  tests  are  the  results  of  analyses  that  may  have  been  influenced  by 
losses  of  metal  in  sample  containers. 

TABLE  13.  SUMMARY  OF  ELASTOMER/FUEL  COMPATIBILITY  TEST 
RESULTS  FROM  PREVIOUS  PROGRAM'^) 


Fuel  storage 

Metar  c 

PI 

ontent, 

3b 

Breakpoint,  °F 

Pb 

Zn 

Original  JP-7 

10 

... 

625-675+  (tube) 

Hose  liner  A,  1 6  weeks 

528 

27GC 

375  (tube) 

52  weeks 

33 

2250 

350  (Filter) 

Hose  hner  B.  1 6  weeks 

232 

4600 

400  (tube  and  filter) 

52  weeks 

34 

1570 

400  (tube  and  filter) 

Gaskets.  !6  weeks 

240 

6900 

450  (tube) 

52  weeks 

98 

5900 

350  (tube) 

Fiom  a  coinDarison  of  the  results  of  the  two  programs,  it  is  obvious  that  either  lead  or  zinc,  at  the 
concentrations  found  in  the  storage  program,  could  be  entirely  responsible  for  the  observed  degradation  in  thermal 
stability;  t  e.,  it  is  not  necessity  to  postulate  the  presence  of  other  extractable  contaminants.  The  metals  in  the 
stored  fuels  may  well  have  been  present  in  the  form  of  salts  of  organic  acids,  which  would  be  expected  to 
behave  like  the  naphthenates  in  the  later  program  with  rep, aid  to  thermal  stability  and  metal  losses  in  sample 
hand!;  'g. 

Thus,  the  later  program  has  confirmed  the  usefulness  of  rnctal -content  data  as  an  indicator  of  fuel 
degradation,  but  it  hi*  faded  to  prev.de  any  quantitative  correlation  Exact  correlations  are  highly  improbable  with 
the  current  :!at«  of  the  art  s<?  thermal  stability  testing.  However,  it  is  quite  clear  from  the  data  reported  here  that  js 
little  as  125  ppb  lead  or  500  ppb  /hit,  dissolved  in  tne  fuel  as  a  metal  salt,  can  cause  a  serious  degradation  irt  the 
thermal  liability  of  JP-7  fuel 

Further  work  tft  if  is  are*  that  will  be  uf  interest  includes  (a)  establishing  minimum  concentrations  -,>! 
metal*  for  detectable  effects  on  thermal  stability  ,  (bf  determining  whether  the  chemical  state  of  the  metal  in  the  fuel 
has  a.,,-  MfTttenvc  or,  thermal  -tabihty  behavior,  and  (c)  extending  the  work  to  other  met, Is.  particularly  copper  and 
noil  Any  tie1  vied  investigation  of  these  questions  wit;  requite  verification  of  techniques  in  sampling  and  transferring 
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for  analysis,  as  well  as  some  means  of  determining  thermal  stability  that  is  less  cumbersome  than  the  gas-drive  coker 
breakpoints  and  at  least  as  reliable. 

4.  EFFECT  OF  COATINGS  ON  THERMAL  STABILITY 

A  limited  investigation  w~s  conducted  to  determine  the  effects  of  certain  fuel-tank  interior  coatings  on 
thermal  stability.  Similar  studies  had  been  conducted  on  other  coatings  by  a  previous  contractor.  Tbt-  results 
reported  here  are  limited  to  those  obtained  by  SwRI. 

The  coatings  investigated  aie  identified  by  type  only,  as  follows:  , 


A. 

Inorganic  zinc 

B. 

Inorganic  zinc 

C. 

Epoxy 

D. 

Epoxy 

E. 

Epoxy 

F. 

Epoxy 

Panels  coated  with  A,  B,  and  C  (one  each)  were  received  from  the  coating  manufacturer  and  subjected  to  soak 
tests  in  additive-free  JP-7  fuel.  The  panel  size  was  2  X  6  X  1/16  in.,  and  the  fuel  volume  was  875  ml,  giving  an 
area/volume  ratio  of  108  in2  /gal.  Each  panel  was 

completely  immersed  in  fuel  in  an  individual  glass  jar,  TABLE  14.  MICRO  FUEL  COKER  RESULTS  ON  JP-7 
loosely  capped  After  storing  for  14  days  at  i30  ±  FUEL  FROM  SOAK  TESTS  ON  COATINGS 
5°F,  the  coated  panels  were  removed  amt  examined 
visually.  No  softening,  blistering,  peeling,  lack  of 
adhesion,  or  gross  change  in  appearance  was  detected. 

Thermal  stability  of  the  soak  fuels  was  compared 
with  that  of  a  control  fuel  (parallel  test  with  no 
coated  specimen)  and  the  original,  pre-test  fuel.  A 
‘  Micro  Fuel  Coker”  was  used  in  the  thermal  stability 
evaluations  because  of  the  limn-i  amounts  of  test 
fuel.  Test  results  are  listed  in  Table  14. 

These  data  indicate  marginal  thermal  stability 
for  the  original  fuel  at  a  tube  temperature  of 
650°F.  Exposure  to  the  coatings  had  no  measur¬ 
able  effect  on  the  thermal  stability  in  this  test 
apparatus.  Poor  repeatability  of  results  is  evident 
in  the  three  replicate  tests  at  i  75/650  on  the 
original  Cue!  The  tube  ratings  probably  are  biased  downward;  i.e.,  the  true  raiings  may  be  higher  because  of  the  use 
of  an  outdated  color  standard  as  discussed  it.  section  11-2  However,  th>s  bias  will  be  consistent,  so  that  the  rank  of 
the  rati  'gs  will  remain  unchanged. 

Three  other  coatings.  D,  E,  and  F,  were  checked  for  effect  on  fuel  by  procedures  generally  simikr  to  those 
specified  in  MU.-STD-t  2ft2 

For  the  JP  7  soak  test,  two  coated  panels  were  immersed  in  10  gallons  of  test  foe! ,  giving  an  area/volume  redo 
of  st)  Hi3  /gal  For  each  coating  tested,  two  such  assemblies  wen  prepared,  aiong  with  a  contrei  assembly  containing 
test  fuel  but  no  pane!-:  The  assemblies  were  itorcd  for  35  days  at  7(!-90°F,  after  which  the  fuels  were 
removed  end  checked  for  thermal  stability  as  measured  by  ihe  ga* -drive  coker  Test  results  are  summarized  in 
Table  15  Bicakpomts  of  f>75°F  with  ‘ube  ratings  of  3  were  observed  in  alt  eases,  except  for  two  peases  at 
h75“F  that  were  observed  with  the  Code  D  coated  panels  No  filter  plugging  occurred  in  any  of  the  tests. 
Neither  coating  caused  any  low  of  thermal  stability,  the  slight  apparent  gain  registered  by  coating  D  is  not 
fsrmf  ii'Jtnr 


1 - 

Temperature,  °F 

Tube 

rating 

Fuel-out 

Tube 

Pre-test  fuel 

383 

675 

3 

375 

650 

1 

375 

650 

1 

375 

650 

2 

Control  sample 

375 

650 

2+ 

Soaked,  coating  A 

375 

650 

2 

Soaked,  coating  9 

375 

650 

i 

Soaked,  coating  C 

375 

650 

********** mmnrnm  m- 
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TABLE  1 5.  EFFECT  OF  COATINGS  ON  FUEL  THERMAL  STABILITY 


JP-7  fuel,  stored  per  MIL-STU- 1 262 
Cokers  l  and  2,  Configurations  3  and  4 
Nitrogen  drive 

Fuel  filtered  0.45-micron,  aerated  3  min 


Test  temp, 
°F 

Tub*:  rating*, 
unwiped  (wiped) 

Filter 
AP, 
in.  Hg 

Storage 

sample 

no. 

Coker 

test 

no. 

Coker 

no. 

Date 

Control  fuel  (stored  without  panels) 

650/675 

? 

(1) 

0.0 

— 

5408 

2 

28  Feb  69 

675/675 

3 

(3) 

0.0 

_ 

5405 

2 

27  Feb  69 

£.nc  Une 

U/d/Ufd 

3 

/•*%\ 

t 

0.0 

-- 

5410 

2 

3  Mar  69 

Fuel  stored  with  Code  F  coated  panels 

650/675 

i 

(1) 

0.0 

— 

!-! 

5412 

i 

4  Mar  69 

650/675 

2 

(1) 

0.0 

1-2 

5416 

2 

5  Mar  69 

675/675 

3 

(3) 

c.o 

1-1 

5409 

I 

3  Mar  69 

675/675 

3 

(2) 

0.0 

i-2 

5413 

2 

4  Mar  69 

675/675 

3 

(3) 

0.0 

1-1 

5415 

1 

5  Mar  69 

675/o75 

_ 

3 

(2) 

0.0 

1-2 

5420 

_ 

2 

_ 

6  Mar  69 

Control  fuel  (stored  without  panels) 

650/675 

) 

0) 

0.0 

~ 

5472 

2 

9  Apr  69 

675/675 

3 

(3) 

0.0 

-- 

5470 

_ 

i 

8  Apr  69 

Fuel  stored  with  Code  D  coated  panels 

650/675 

1 

0) 

0.0 

E-2 

5482 

2 

1 5  Apr  69 

675/675 

1 

(1) 

0.0 

E-l 

5473 

2 

1 0  Apr  69 

675/675 

i 

i 

(1) 

0.0 

E-2 

5476 

2 

1 1  Apr  60 

675/675 

3 

(3) 

0.0 

p.2 

5479 

T 

14  Apr  69 

[  #AU  tubes  were  rated  utang  an  outdated  color 

tamiard  t« 

c  Section  11-2)  Ratings  listed  may  I 

tie  i  lightly  lower  than  true  rating] 

C CHtimg*  D,  E,  and  F  were  checked  in  2-gallon  exposure  tests  with  JP4  and  JP  5  fuels  Ins,  etion  tests 
or,  the  fiieis  were  ran  by  another  laboratory,  and  the  results  were  turned  over  to  the  Propulsion  Laboratory 
for  use  in  their  over-ail  program  of  unk  coating  evaluation 

&  EFFECT  OF  FUEL  ADDITIVES  ON  THERMAL  STABILITY 

*.  Effact  of  Antioxidant*  on  JP  7  Thermal  Stability 

The  antioxidants  specified  for  optional  use  m  JP-7  fuel  are  essentially  the  same  materials  as  those 
permitted  in  JP-4  and  JP-5  fuels.  These  are  additives  similar  to  “gum  inhibitors'’  in  gasolines,  they  are  essentially 
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low-temperature  antioxidants  and  are  nci  intended  to  improve  thermal  subility.  With  highly  refin  d,  thei  naliy 
stable  fuels  such  as  JP-7,  the  question  bar  arisen  whether  any  of  the  allowable  antioxidants  might  actually  degrade 
the  fuel's  thermal  stabilic /.  A  brief  study  of  this  question  has  been  carried  out. 

The  following  ant  oxidanu  are  listed  in  the  JP-7  specification,  MIL-T-38219  (USAFXProposed)  dated 
December  1965: 

(1)  2,6-Di-tert-butyl4-methyiphenol 

(2)  N,N’ Di-sec-butyl-p-phenylenediamine 

(3)  2,4-Dimethyl-6-tert-butylphenol 

(4)  2, 6-Ditert-butyl  phenol 

(5)  Mixed  tert-butylphenols  consisting  of 

75%  2,6-di-tert-butylphenol 
10-15%  2,4,6-tri-tert-butylphenol 
10-15%  2-tert-buty!phenol 

(6 )  N,N’-Diisopropyl  -pphenylenediamine 

These  are  essentially  the  same  antioxidants  listed  for  JP4  and  JP-5  fuels  in  MIL-T-5624G  Amend-1, 
except  that  the  mixed-phenol  product,  antioxidant,  no.  5,  is  described  as  75%  minimum  2,6-di-tert-butylpheno'  and 
25%  maximum  mono-  and  tri-tert-buty'phenols.  Also  listed  in  MIL-T-5624G  Amend-1  is  a  mixed-phenol  product 
consisting  of  72%  minimum  2,4-dimethyl-6-tert-butylphenol  and  28%  maximum  mono-  and  dimethyl-tert- 
butylphenols;  this  mixed-phenol  product  does  not  appear  in  MIL-T-38219  and  was  not  included  in  the  work 
reported  here. 

In  the  proposed  JP-7  specification,  the  use  of  these  antio-idsnts  is  permitted,  separately  or  in  combina¬ 
tion,  in  total  concentration  lot  to  exceed  8.4  lb/Mbbl  (24  mg/liter).  Antioxidant  concentrations  are  expressed  as 
active  ingredient,  excluding  solvent  or  diluent  in  the  material  as  purchased.  The  specification  also  permits  the  use  of 
a  metal  deactivator  in  amounts  not  exceeding  2  lb/Mbbl  (5  8  mg/liter).  The  specification  requires  the  use  of 
0.10-0.15%  (vol)  of  fuel  system  cing  inhibitor  conforming  to  MIL-I-27686.  Not  listed  in  the  present  specification, 
but  normally  added  to  the  fuel,  is  200  ppm  (wt)  of  PWA-536  lubricity  additive. 


The  base  fuel  used  in  the  work  reported  here  was  the  same  mixture  that  was  used  in  the  gas-drive  coker 
studies  (Section  1 1-2),  consisting  of  Air  Force  Batch  10  and  12  material  that  had  been  used  in  various  tests,  then 
treated  in  a  commercial  clay-bed  reclamation  unit.  Here,  however,  the  extra  clay  treatment  in  the  laboratory  was 
omitted  Residual  concentrations  of  antioxidant  and  lubricity  additive  in  this  fuel  are  unknown;  the  FSII  concentra¬ 
tion  was  checked  and  found  to  be  below  0  01%.  This  fuel  was  blended  in  the  Laboratory  with  0.10%  (vol)  FSII  and 
200  ppm  (wt!  lubricity  additive  PWA-536. 


Commercial  samples  of  the  six  approved  antioxidants  were  obtained  from  iwo  of  the  major  suppliers. 
Each  was  added  to  the  base  biend  at  the  maximum  allowable  concentration  of  8.4  lb/,  'bb!  and  then  evaluated  in 
nitrogen-drive  coker  tests  at  600/6  75  F  Test  results  are  summarized  in  Table  16. 

In  the  main  series  of  tests,  run  at  6fX)/675',F,  the  base  blend  and  three  of  the  antioxidant  blends  gave 
satisfactorily  hw  tube  ratings.  Two  of  the  antioxidants  (nos.  2  and  6)  gave  extremely  severe  failures,  and  one 
antioxidant  (no.  4)  gave  a  failing  tube  based  on  the  unwiped  rating.  A  recheck  on  anfioxidam  no.  4  indicated 
marginal  performance,  again  with  wipable  deposits 

These  tests  indicate  that  the  two  amine  antioxidants  can  degrade  the  thermal  stability  ol  JP-7  This  was 
not  unexpected,  since  a  similar  effect  had  been  reported  m  an  earlier  program^*).  In  those  studies,  one  of  toe  two 
approved  annne  antioxidants  had  caused  breakpoint  decreases  of  as  much  as  1 25°F  when  used  at  the  relatively  high 
concentration  of  30  lb/Mbbl  It  caused  severe  filter  plugging  in  the  lower  temperature  ranges,  and  severe  preheater 
deposits  at  higher  temperatures  It  appear*  that  amine  antioxidants  of  this  type  suffer  thermal  breakdown  at 
tempetaiiHcs  on  the  order  of  4004  5C°F, 
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Of  the  phenolic  antioxidants 
tested  in  fhe  current  program,  only  the 
2,6-di-tert-butylphenol  showed  any  evidence 
of  degrading  the  fuel’s  thermal  stability,  and 
this  result  was  ambiguous  because  of  the 
presence  of  wipable  deposits. 

The  test  temperature  conditions 
of  600/675°F  were  selected  as  a  reasonable 
approximation  of  present  and  projected 
specification  requirements.  Th;  published 
draft  of  the  proposed  specification  calls  for  a 
CRC  Modified  Standard  Coker  (now  obso¬ 
lete)  with  a  3-hour  prestress  at  300°  F  and  a 
coker  test  at  600/600°F.  More  recent  levi- 
sions  have  included  a  research  coker  test  at 
300/500/600°F.  In  any  case,  if  JP-7  fuel  is 
to  be  tested  at  temperatures  on  the  order  of 
600° F,  amine  antioxidants  of  the  type  cur¬ 
rently  allowed  are  unlikely  to  prove  useful. 

b.  Effect  of  Lubricity  Additive  on 
JP  7  Thermal  Stability 

Two  series  of  tests  were  run  in 
the  CRC  research  coker  to  establish  break¬ 
points  on  AFFB-li-68,  a  JP-7  base  fuel 
(additive-free)  used  in  the  wing  tank  simu¬ 
lator  rig  progran  .  At  the  same  time,  breakpoints  were  established  on  this  fuel  containing  200  ppm  (wt)  of  PWA-536 
lubricity  additiv.  Test  results  are  summarized  in  Table  17.  The  additive  had  no  significant  effect  on  fuel  break¬ 
points,  which  were  obtained  at  preheater  fuel-out  temperatures  of  approximately  650,  675,  and  575-600°F  with 
reservoir  at  ambient  temperature,  200°F,  and  JOO^F,  respectively.  All  breakpoints  were  defined  in  terms  of  pre¬ 
heater  tube  deposit'.,  since  no  significant  plugging  of  the  filter  occurred  in  any  of  the  tests. 

6.  MISCELLANEOUS  THERMAL  STABILITY  EVALUATIONS 

a  Coker  Tests  on  Various  Fuels 

Extensive  thermal  stability  teslmg  ha.  be*n  conducted  in  support  of  Air  Force  m-house  and  contractual 
research  programs  Test  results  on  various  fuels  in  standard,  research,  and  gas-drive  fuel  cokers  are  summarized  i;< 
Table  18. 

Most  of  this  work  was  performed  ty  establish  thermal  stability  breakpoint  ratings  on  the  fuels  As  can  be 
tetn  from  the  data,  it  is  difficult  or  impossible  to  establish  unambiguous  breakpoints  in  some  cases  because  of 
erratic,  nonreptatabie  results.  Certain  fuels  appear  to  offer  more  problems  than  others.  For  example,  when  testing 
AFF8- 10-67  in  the  research  coker  with  reservoir  at  ambient  temperature,  consistently  failing  pieheater  tube  ratings 
weie  observed  m  tests  at  425*F  preheater  fuel-out  temperature,  but  occasional  passes  occurred  at  450  and  475  |- 
When  teslmg  the  same  fuel  in  the  research  coker  with  reservoir  at  300“ F.  tube  ratings  of  3  oi  higher  weic  obtained  at 
42$450°F,  (mi  in  all  cases  the  deposits  were  wipable;  this  suggests  that  pump  wear  debus  had  contributed  signifi¬ 
cantly  to  the  iiiiwiped  ratings.  An  example  of  poor  repeatability  of  the  gas-drive  coker  can  be  noted  m  the  tests  on. 
the  AFFB-10A-67,  where  random,  severe  failures  in  tube  rating  were  observed  in  tests  at  550  5  75  F  preheatei 
fuel -out  temperature,  but  consistent  failures  were  not  obtained  even  at  650"  F  Even  after  the  gas-drive  cokers  were 
fully  modified  to  conform  to  current  CRC  requirements  (Configuration  5),  consideiabie  variability  in  preheater 
deposits  was  observed  in  tests  oi>  AFFB-f  1-68  at  700/700°F.  where  the  unwiped  preheater  ratings  included  seven  at 
2  or  2+,  one  at  3+,  and  two  at  4  or  4* 


TABLE  16.  EFFECT  OF  ANTIOXIDANTS  ON 
THERMAL  STABILITY  OF  JP-7  FUEL 

Base  blend  0.10%  ( vol }  FSII,  200 ppm  (wt)  PWA-536 
Antioxidant  concentration,  8.4  ib/Mbbl 
Nitrogen-drive  cokers  1  A  2,  Configurations  3  A  4 
Fuel  filtered  0.45-micron,  aerated  3  min 
Test  temperatwe,  600/675° F 


Tube  rating  FjherAP 

(unwiped/wiped)  „ 

Series  1  Series  2  ® 

Base  fuel  (no  additives) 

1/1* 

Base  blend  (FSII,  PWA-536) 

1/1  1/1 

Base  blend  +  antioxidant; 

No.  1 

1/1  —  Zero  in 

No.  2 

4+/4+  —  all  tests 

No.  3 

2/1 

No.  4 

4/2  2+/1 

No.  5 

1/1 

No.  6 

4+/4+ 

•The  base  fuel  war.  also  checked  in  a  test  at  675'ft75°F.  giving  a  tube 

ratirs  of  2+12. 

Improvement  of  the  reliability  of 
fuel  coker  results  in  general  has  been  the  goal  of 
much  work  in  recent  years.  It  appears  probable 
that  the  standard  coker  cannot  be  improved 
much  beyond  its  present  status,  and  some  of 
the  same  problems  encountered  with  the 
standard  coker  are  also  present  with  the  re¬ 
search  and  gas-drive  cokers.  At  this  time,  it  is 
still  an  open  question  whether  some  of  the  new 
approaches  to  thermal  stability  testing  will 
result  in  a  reliable  method  of  rating  fuels.  In  the 
meantime,  it  appears  desirable  to  continue 
work  on  improving  the  gas-drive  coker. 

b.  Thermal  Stability  of  TS/JP-4  Mix¬ 
tures 

“Thermally  stable”  (TS)  fuel  is 
defined  by  Proposed  Specification  MIL-T- 
25S24B  (USAF).  It  is  essentially  a  kerosine 
with  oetter-than-average  thermal  stability.  The 
specification  requires  the  fuel  to  pass  a 
star  lard-coker  test  at  45C/550°F.  In  practice, 
fuel  identified  as  "TS”  may  exceed  this  require¬ 
ment  by  a  considerable  margin,  possibly  be¬ 
cause  of  additional  tnermal  stabi’itv  require¬ 
ments  imposed  at  the  time  of  procurement. 

Since  TS  fuel  may  be  contaminated 
or  intermixed  with  JP4  fuel  during  use  i.i 
the  field,  the  effect  of  JP4  on  the  thermal 
stability  of  TS  fuel  is  of  considerable 
interest.  Several  series  of  breakpoint  tests 
have  been  run  on  such  mixtures.  Ihe  TS 
fuel  used  in  this  work  was  identified  as 
Batch 
Gas-drive 


TABLE  17.  EFFECT  OF  LUBRICITY  ADDITIVE  ON 
JP-7  THERMAL  STABILITY 

Test  fuel  AFFB-ll-68  (JP-7  without  additives) 

Test  additive  FC-  708  lubricity  additive,  260  ppm  ( wt ) 
Test  instrument  CRC  research  coker 
Filter  pressure  drop  0. 0-0. 1  in  Hg  in  all  tests 


Test  temp, 

°p* 

Tube  rating,  unwiped  (wiped)t 

Test  fuel 

Test  fuel  +  additive 

Amb/500/600 

2  (1) 

Amb/525/6z5 

2  (1) 

Amb/550/650 

2(1) 

1  (1) 

Amb/575/675 

2  (1) 

Amb/600/700 

2  (1) 

2  (1) 

Amb/625/725 

2  (1) 

2  (2)J  2  (2)t  2  (2) 

Amb/650/750 

3  0) 

2  (2)t  4  (4)  3  (2) 

200/550/650 

1  (1) 

200/600/700 

2  (2) 

2  (l)t 

200/650/750 

2  (1) 

2  (2)±  2  (2)+  2  (2)+ 

200/675/775 

2+12) 

3  (2)J  3  (3)$  2  (2)t 

300/525/625 

2  (2) 

300/550/650 

3  (2)  2  (1) 

2  (2)  1  (1)  1  (1) 

300/575/675 

2  (1)  2  (1)  3+<2) 

300/600/700 

4-H4+) 

4  (4)t  4  (4)  3  (2) 

300/625/725 

4  (4)t 

-  -  -  -  —  —  - 

‘Temperatures  are  for  reservoir/ preheater  fuel-out/ filter, 
t Tubes  from  tests  on  additive-free  test  fuel  rated  with  outdated  color 
standard,  hence  ratings  listed  may  be  siighUv  lower  than  true  ratings 
t  filter  temperature  limited  to  675°F  in  these  tests. 


18-19-20-22.  Two  different  batches  of  JP-4  fuel,  here  identified  as  A  and  B,  were  used  in  these  studies 
and  standard  coker  data  are  listed  in  Table  19. 


This  particular  TS  fuel  was  extremely  stable,  passing  even  at  the  maximum  gas-drive  coker  tem¬ 
peratures  of  675/675°F.  The  JP-4  fi’ds  had  breakpoints  -or  400° F  (Batch  A,  standard  coker)  and  450°F 
(Batch  B.  gas  drive  coker).  The  addition  of  5  or  10%  JP-4  to  the  TS  fuel  gave  a  significant  decrease  in  the  thermal 
stability  of  the  latter,  and  a  50-50  blend  had  essentially  the  same  stability  as  the  JP4  itself.  The  breakpoints  may  be 
summarized  as  follows 


TS  fuel . >f>75“K 

JP-4(  A) .  400  (standard  coke ) 

JP  4t  B) . 450 


54  JP4(  A ) 
10%  JP4<A) 
SOT  JP4(  H 1 


625-050 

550 

450 


Aii  of  the  fuels  used  in  thr-  work  we ie  quite  stable  lor  Ihetr  respective  classes  The  JP4<  A)  breakpon.it  of 
400r>b  .n  ihe  standard  coker  indicates  a  margin  o!  75  F  above  ihe  specification  requnemeut.  which  ts  probably  more 
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TABLE  18.  FUEL  COKER  TESTS  ON  VARIOUS  FUELS 


Test  temperatures  for  research  coker  are  reservoir  j preheater /fitter 
Test  temperatures  for  other  cokers  are  prehet,  ter/ filter 
Fuel  paper-filtered  for  standard  coker,  0.45 micrm  for  others 
All  gas-drive  coker  tests  with  nitrogen  drive  in  cok  trs  no.  I  and  2 
Gas-drive  coker  configurations  3  and  4  unless  otherwise  noted 


Fuel 

AFFB  no. 

Coker  type 

Test  temp, 

°F 

Tube  rating, 
unwiped  (wiped) 

Filter 
AP, 
in.  Hg 

- 1 

Date 

8-67 

Gas-drive 

475/575 

1* 

0)* 

0.0 

10  Mar  69 

475/575 

!* 

(D* 

0.0 

12  Mar  69 

500/600 

4* 

(3)* 

0.0 

7  Mar  69 

500/600 

4* 

(4)* 

L.O 

1 1  Mar  69 

8-67 

Standard 

400/500 

1 

(1) 

0.3 

10  Sep  69 

400/500 

1 

(1) 

0.0 

1 2  Sep  69 

425/525 

2 

0) 

0.0 

1 1  Sep  69 

425/525 

2 

(1) 

0.7 

1 5  Sep  69 

9-67 

Gas-drive 

400/500 

0* 

(0)* 

0.3 

7  Mar  69 

425/525 

1* 

or 

13.4 

1 1  Mar  69 

450/550 

3* 

(3)* 

25.0 

10  Mar  69 

450/550 

3* 

(2)* 

20.1 

12  Mai  69 

9-67 

Standard 

400/500 

4 

(4) 

25.0 

16  Sep  69 

400/500 

4 

(3) 

10.7 

18  Sep  69 

425/525 

4+ 

(4+) 

25.0 

1 7  Sep  69 

1 

425/525 

4+ 

(4+) 

25.0 

1 9  Sep  69 

10-67 

Research 

Amb/400/500 

1* 

(!)* 

0.1 

10  Feb  69 

Amb/425/525 

3* 

(3)* 

0.1 

7  Feb  b9 

Amb/425/525 

3+ 

(3+1 

0.1 

16  Jul  69 

Amb/425/525 

4 

(4) 

0.0 

25  Jul  69 

Amb/425/525 

3+ 

(2) 

0.1 

29  Jul  69 

Amb/450/550 

2* 

or 

0.5 

28  Jan  69 

Amb/450/550 

*4* 

(4)+ 

0.0 

6  Feb  69 

Amb/450/550 

3 

<2) 

0.0 

18  Jul  69 

Amb/450/550 

> 

(2) 

0.0 

28  Jul  69 

Amb/450/550 

4*- 

(4+) 

0.0 

31  Jul  69 

Amb/475/575 

0)' 

0.5 

23  Jan  69 

Amb/475'5’5 

4* 

(41* 

0.8 

27  Jan  69 

Amb/475,575 

4* 

(4)* 

0.0 

5  Feb  69 

Amb/SOQ/600 

7t 

(7'r 

0.0 

24  Jan  69 

|  10  67 

Research 

200/575/475 

!  * 

( 1 r 

0.4 

3  Feb  69 

200/400/500 

1* 

(3)" 

0  5 

31  Jan  69 

200/400/500 

2* 

( 2\n 

0.3 

4  Feb  69 

200/400/500 

I  * 

or 

0.1 

!  1  Feb  69 

200/400/500 

1* 

0  4 

1  3  F>  b  69 

200/425/525 

!* 

(3)" 

0.4 

30  Jan  69 

200/425/525 

4* 

(4)* 

0  1 

1 2  Feb  6>-' 

200/450/550 

4* 

1 _ 

(4r 

0  9 

29  Jar  69 

32 
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TABLE  1 8.  FUEL  COKER  TESTS  ON  VARIOUS  FUELS  (Cont’d) 

Test  temperatures  for  research  '■oker  are  reservoir/preheater/filter 
Test  temperatures  for  other  cokers  are  preheater/filter 
Fuel  paper- filtered  for  standard  coker,  0. 45-micron  for  others 
All  gas-drive  coker  tests  with  nitrogen  drive  in  cokers  no.  1  and  2 
Gas-drive  coker  configurations  3  and  4  unless  otherwise  noted 


Fuel 

AFFB  no. 

Coker  type 

Test  temp, 

°F 

Tube  rating, 
unwiped  (wiped) 

Filter 
AP, 
in.  Hg 

Date 

10-67 

Research 

300/425/525 

3 

(2) 

0.2 

17  Jul  69 

300/425/525 

3+ 

0) 

0.4 

22  Jul  69 

300/425/525 

3+ 

(1) 

0.8 

30  Jul  69 

300/450/550 

3+ 

0) 

0.4 

23  Jul  69 

30C/450/550 

3+ 

(2+) 

0.1 

24  Jul  69 

10A-67 

Gas-drive 

550/650 

1 

(1) 

0.0 

2*  Jul  69 

550/650 

1 

(1) 

0.0 

28  Jul  69 

550/650 

2 

0) 

0.0 

30  Jul  69 

550/650 

4+ 

(4+) 

0.0 

1  Aug  69 

550/650 

1 

C) 

0.0 

4  Aug  69 

575/675 

1 

0) 

0.0 

24  Jul  69 

5/5,675 

4+ 

(4+) 

0.0 

29  Jul  69 

575/675 

1 

0) 

0.0 

29  Jul  69 

575/675 

1 

0) 

0.0 

4  Aug  69 

600/700 

27 

(2) 

0.0 

25  Jul  69 

600/700 

2 

(2) 

0.0 

25  Jul  69 

600/700 

1 

(1) 

0.0 

30  Jul  69 

600/700 

2 

(2) 

0.0 

1  Aug  69 

6.75/675 

I* 

or 

0.0 

3 1  Jan  69 

650/675 

4* 

(4)* 

0.0 

30  Jan  69 

6 ‘>0/675 

2* 

(2)* 

0.0 

3  Feb  69 

1  OB-67 

'■  irive 

550/650 

4+ 

(4+) 

20.0 

26  Aug  69} 

550/650 

4 

(4.) 

0.0 

26  Aug  69} 

550/650 

2 

(2) 

0.0 

27  Aug  69} 

550/650 

3 

(3) 

00 

’7  Aug  69} 

550/650 

4 

(4) 

00 

28  Aug  69} 

5 50/650 

4 

(4) 

0.0 

28  Aug  69} 

575/675 

4* 

(4>* 

00 

25  Mar  69 

575/675 

6t 

(6)t 

0.0 

27  Mar  69 

575/675 

4* 

(3)* 

00 

28  Mar  69 

575/675 

2* 

(2)* 

0  0 

i  Apr  69 

575/675 

4* 

(4)* 

0.0 

2  Apr  69 

575/675 

2* 

or 

0.0 

3  Apr  69 

575/675 

2* 

or 

00 

4  Apr  69 

. 

- -  .  _ 

TABLE  18.  FUEL  COKER  TESTS  ON  VARIOUS  FUELS  (Co.’.’d) 

Test  temperatures  for  research  coker  are  reservoir/preheater/filter 
Test  temperowsts  jut  vt'-.rr  coke**  are  preheater /filter 
Fuel  paper-filtered  for  standard  coker,  0. 45-micron  for  otnen 
4U gas-drive  coker  tests  with  nitrogen  drive  in  coken  no.  I  and  2 
Gas-drhv  coker  (/mfijuratinns  3  and  4  unless  otherwise  noted 


Fuel 

AFFB  no. 

Coker  type 

Test  temp, 

°F 

Tube  rating, 
unwiped  (wiped) 

Filter 
AP, 
in.  Hg 

Date 

1  OB-67 

Gas-drive 

600/675 

2* 

(2)*1 

0.0 

4  Ftb  69 

600/675 

4* 

(4)* 

0.0 

6  Feb  69 

600/675 

4* 

(4)* 

0.0 

7  Feb  69 

600/675 

1* 

(0* 

0.0 

19Ma.  69 

600/675 

4* 

(4)* 

0.0 

24  Mar  69 

600/675 

4* 

(4)* 

0.0 

26  Mar  69 

600/675 

2* 

(2)* 

0.0 

7  Apr  69 

625/675 

4* 

(4)' 

0.0 

5  Feb  69 

625/675 

6f 

'*\4- 

Vv/I 

0.0 

21  Mar  69 

650/675 

4* 

(4)* 

0.0 

3  Feb  69 

65C/675 

4* 

(4)* 

0.0 

20  Mar  69 

11-68 

Research 

Results  given  in  Table  1 7 
1 

1 1-68 

Gas-driv« 

700/700 

2 

(2) 

0.0 

2?  Sep  69  J 

700/700 

4+ 

(4) 

0.0 

23Ser  i’)  + 

700/700 

4 

(2) 

G.d 

24  Sep  69  X 

700/700 

(2) 

0.0 

24  Sep  69  { 

700/72C 

2 

(2) 

0.0 

25  Sep  69% 

;uo/7oo 

3+ 

(3) 

0.0 

25  Sep  69  % 

700/700 

2+ 

(2+) 

0.0 

26  Sep  69  % 

700/700 

2+ 

(2+) 

0.0 

26  Sep  69 1 

700/700 

A 

a. 

(2) 

0.0 

29  Sep  69  % 

700/700 

7 

(2) 

00 

29  Sep  69  % 

12-68 

Gas-drive 

650/675 

1- 

(D* 

0.0 

13  Mar  69 

650/675 

I* 

(D* 

0.0 

1 7  M*r  69 

675'675 

2* 

(D* 

0.0 

14  Mar  69 

675/675 

l* 

(U* 

00 

18  Mar  69 

12-68 

Research 

Amb/5  $0/650 

2* 

or 

0.0 

16  Apr  69 

Ainb/600/700 

(0* 

0.0 

1 7  Apr  69 

Amb/6?5/725 

2* 

(2>* 

0  0 

18  Apr  69 

Amb/650/750 

(11* 

0,0 

21  Apr  69 

A.rob/675/775 

(D* 

00 

22  Apr  69 

12  68 

Research 

200/625/725 

a. 

0>* 

0.0 

23  Mar  <59 

*00/650/750 

or 

00 

24  Mar  69 

I 

2f -0/675/775 

2* 

0)* 

0.0 

25  Mar  69 

200/675/775 

7 

(2) 

00 

10Jun69 

2ooim;m 

-  - - 

<:> 

0.0 

1  Jul64 

; 


TABLE  )  8.  FUEL  COKE*  TESTS  ON  VARIOUS  FUELS  (Cont’d) 

Test  temperatures  for  research  coker  are  reservoir/preheater/ fitter 
Test  temperatures  for  other  cokers  ere  preheaterjfilter 
Futl  paper- jilt  ed  for  sta.  ■dard  coker,  0.4S-micrrx  foe  other 
All  gas-drive  coker  tests  with  nitrogen  drive  in  cokers  no.  I  and  2 
Gas-drive  coker  configurations  3  and  4  unless  otherwise  noted 


Fuel 

AFFBno. 

Cokei  type 

Test  temp, 

°F 

Tube  rating, 
unwiped  (wiped) 

Filter 

AP, 

in.H* 

Date 

12-68 

Research 

300/525/625 

2* 

(0* 

01 

30  Apr  69 

300/525/625 

2* 

0>* 

0.1 

2  May  69 

300/525/625 

2 

(2) 

0.1 

2  Jul  69 

300/525/625 

2 

(0 

0.1 

3  Tul  69 

300/550/650 

3* 

0)* 

0.1 

1  May  69 

300/550/650 

3+ 

0) 

0.1 

7  Jul69 

300/550/650 

4 

(2) 

0.1 

8  Jul  69 

300/5  5C/650 

2 

(2) 

0.0 

1 1  Jul  69 

300/550/650 

2 

(2) 

0.0 

14  Jul  69 

300/S50/6S0 

3+ 

(3+) 

0.1 

15  Jul  69 

300/575/675 

4* 

(2)* 

0.1 

29  Apr  69 

300/575/675 

2 

(2) 

0.0 

9  Jul  69 

300/575/675 

2 

(2) 

0.0 

10  Jul  69 

300/625/725 

4* 

(l)* 

0.0 

28  Apr  69 

12-68 

Standard 

450/550 

1* 

0)* 

0.4 

13  Mar  69 

_ 

450/550 

1* 

(!)* 

0.9 

14  Mar  69 

*  Outdated  color  standards  used;  rating  shown  may  he  slightly  .town  than  true  ratings 
f  Estimated  using  old  extradeo-scaie  color  standard 
tCias  diive  cokers  in  Coofigu ration  $. 


than  average  but  not  at  all  uncommon.  The  JP4{B),  with  a  breakpoint  of  450°F  in  the  gas -chive  coker,  is  quite 
comparable  to  the  JP4/.4).  With  the  extremely  stable  TS  fuel  used  in  this  work,  contamination  with  as  little  as  5% 
of  JP4  (and  a  fairly  good  one  at  that) gave  a  significant  decrease  in  thermal  stability,  and  KKF  JP-4  brought  the 
breakpoint  about  halfway  down  to  the  JP4  level  In  the  50-50  blend,  the  observed  thermal  stability  was  exactly  the 
same  as  that  of  the  JP4  itself  I'  is  interesting  to  note  that  the  JP4(B),  which  was  used  in  the  50-50  bknd.  had  an 
extremely  sharp  and  repeatable  breakpoint,  and  that  the  50-50  blend  likewise  had  a  sharp  and  repeatable  breakpoint 
at  the  same  temperature 

These  results  demonstrate  a  significant  degradation  of  thermal  stability  when  as  little  of  5%  of  one 
particular  JP4  fix!  is  added  to  oik  parttculat  TS  met  If  one  were  dealing  with  a  much  poorer  TS  tud  and  a  better 
fp4,  the  degradation  effect  should  be  much  less  and  might  he  entirely  absent  All  that  car  be  concluded  from  the 
data  obtained  fete  u  that  »he  pnsaihthty  of  «er*ius  degradation  does  exist 

7.  fcEt*  OCV1CCS  FOR  EVALUATiMG  FUEL  THERMAL  STABILITY 

»  Background 

Among  the  newer  approaches  to  fuel  thermal  stability  testing  *nr  two  devices  developed  by  equipment 
manofi  cturers  r  1  to Un tied  to  a  CRT  group  for  evaluation  These  devices  utm.se  .he  same  operating  principle  as 
the  -standaid  fuel  ctsket  that  ts  fuel  n  passed  ovet  a  hot  metal  watfae*  and  then  through  a  test  filter,  and  fuel 


TABLE  19.  THERMAL  STABILITY  OF  TS/JP-4  MIXTURES 


Go-drive  ccker  tests  with  nitrogen  drive,  find  filtered  0  45-micron 


Test  temp, 

! 

Tube  rating, 
unwiped  (wipjd) 

Filter 

AP, 

Coker 

no. 

Corifig 

r.o. 

Test 

no. 

Date 

JP-4  Batch  A,  standard  coker 

300/400 

I 

(0) 

0.0 

3 

5524 

J3  May  69 

350/450 

1 

(1) 

0.0 

3 

5528 

14  May  69 

350/450 

2 

(0 

0.1 

3 

5536 

19  May  69 

375/475 

2+ 

(7+) 

0.1 

3 

5534 

16  May  69 

400/500 

4 

(4) 

_ 

0.0 

3 

_ 

_ 

5530 

1 5  Mav  69 

TS  fuel  Batch  18-19-20-22,  gas-drive  coker 

450/550 

1 

0) 

0.0 

r 

l 

3 

552! 

1 2  May  69 

500/600 

1 

(1) 

0.0 

i 

3 

5523 

13  May  69 

350/650 

1 

(1) 

0.0 

1 

3 

5526 

14  May  69 

600/675 

1 

(1) 

0.0 

l 

3 

5529 

15  May  69 

650/675 

1 

(1) 

0.0 

l 

3 

5532 

16  May  69 

675/675 

2 

L  _  .. 

(1) 

0.0 

i 

3 

_ _ J 

"" 

19  May  69 

5!5  Jt-4(A),  95%  TS  fuel  (by  volume j.  gas-drive  coker  j 

600/675 

2 

- - - 

(2) 

0.0 

i 

3 

5544 

22  May  69 

600,' $75 

2 

(1) 

0.0 

i 

3 

5547 

23  May  69 

625/675 

3 

(1) 

0.0 

i 

3 

5542 

31  May  69 

625/675 

2+ 

(1) 

W.vJ 

i 

3 

5548 

26  May  69 

650/675 

4 

0.0 

i 

3 

5539 

20  May  69 

10%IP~4(AI.  vO%  TS  fitei  (by  volume j,  gstdrtve  coker 

525/625 

2 

(2) 

0.0 

, 

3 

5556 

2  Jun  69 

525/625 

5  ' 

<11 

Q.C 

i 

J 

5560 

4  Jun  69 

550/650 

3 

<3) 

0.0 

t 

3 

555S 

79  May  69 

550/650 

4 

(2) 

00 

l 

5558 

t  Jun  69 

575/675 

24 

(2*) 

0.0 

i 

3 

5552 

2$  Hi?  69 

625/675 

4+ 

<4} 

0.0 

i 

3 

•550 

27  May 

_ _ J 

. 

_ L  .  J 

TABLE  19.  THERMAL  STABILITY  OF  TS/JP-4  MIXTURES  (Coat’d) 
Gar-drive  coker  tests  with  nitrogen  drive,  fuel  filtered  0. 45-mknm 


Test  temp, 
°F 

1 _ 

Tube  rating, 
un wiped  (wiped) 

Filter 

AF, 

in 

Coker 

no. 

Config 

no. 

Test 

no. 

Date 

JP-4  Bench  B,  gas-drive  coker 

• 

375/475 

i 

o)  n 

0.0 

2 

5 

5669 

9  Sep  69 

400/500 

1 

(i) 

0.0 

2 

5 

5673 

10  Sep  69 

ess 

1 

(i) 

2 

5 

5676 

11  Sep  69 

Em 

1 

(i) 

0.0 

2 

5 

5684 

15  Sep  69 

425/525 

2 

(2) 

0.0 

1 

5 

5692 

17  Sep  69 

450/550 

4+ 

(4+) 

0.0 

2 

5 

8  Sep  69 

450/550 

4+ 

(*+) 

0.0 

2 

5 

5680 

12  Sep  69 

450/550 

4+ 

(4+) 

0.0 

1 

_ 

5 

56% 

18  Sep  69 

... 

50%  JP-4{B).  507c  TS  fuel  (by  volume j,  gas-drive  coker 

400/500 

1 

0) 

0.0 

fl 

5 

5667 

8  Sep  69 

425/525 

2 

(1) 

0.0 

H 

5 

5670 

9  Sep  69 

425/575 

•) 

(2) 

0.0 

1 

5675 

11  Sep  69 

125/525 

1 

(1) 

0.0 

1 

5687 

!  6  Sep  69 

425/525 

1 

(1) 

0.0 

T 

5688 

16  Sep  69 

450/550 

4s 

(4+) 

00 

1 

566? 

5  Sep  69 

450/550 

£ 

(4+) 

0.0 

1 

567  r 

IQ  Sep  69 

450/550 

(4-*-) 

0.0 

1 

5 

5683 

1 5  Sep  69 

450/550 

"4+ 

(4+) 

T 

5 

<-.1,1*4 

Sep  C.O 

500/600 

- - - - J 

4+ 

<4«> 

_ 

00 

. .  .  . 

■> 

5 

a. _ -■  -- 

5664 

_ 

5  Sep  69 

- _ - j 

stability  is  ratted  according  to  the  color  of  the  hot  surface  deposits  and  the  degree  of  plugging  of  the  test  filter  These 
are  not  merely  "modified"  fuel  cokers,  since  new  approaches  sn  design  have  been  incorporated  to  nomitu/e  tuei 
sample  size  and  to  eliminate  some  of  the  shortcomings  of  the  slund-rd  fuel  coke  iind  tn  various  modified  versions 

The  two  device*  are  Altar  s  JFTOT  (Jet  hud  Thermal  Oxidation  T  ester  >  and  fcrdco'*  Precision  hud 
Coker  I  Hiring  the  course  of  cooperative  cvrlust  mm  of  these  devices  by  the  An  Toece  and  CRC,  one  iFTOT  became 
available  for  out  use  tor  several  months  The  results  reported  here  are  not  a  part  V>1  the  formal  evaluation  program  at 
CRC.  but  are  intended  to  fnovx)  supplementary  information  on  the  applicability  of  the  Alcor  JTTOT  m  broad 
tangc  pingrtfm  o,i  the  thermal  ^td  stofjge  st»l»lnv  of  high-quality  fuels  Results  obtained  by  SwRl  with  the  Irxko 
Precision  f  ud  Coker  were  not  tvxiUWe  in  lane  for  inclusion  here,  but  will  be  presented  at  a  future  report 

b  Afene  if  TOT  Equipment  and  Procedure* 

The  apparatus.  operation.  and  maintenance  procedures  have  been  descirbed  m  the  manufacturer's 
operating  manual,  and  only  a  brief  summary  srdi  be  giver,  here 


The  te«‘  fuel  is  contained  in  a  steel  reservoir  at  ambient  temperature  and  is  pumped  in  a  closed  loop 
through  u  test  section’'  and  cooler  and  then  back  to  the  reservoir.  The  fresh  fuel  and  spent  fuel  are  kept  segregated 
in  the  reservoir  by  means  of  a  free-moving  piston.  The  entire  system  is  pressurized  with  nitrogen  to  300  psi;  the 
pump  serves  only  to  meter  the  fuel  through  the  test  section  at  a  How  rate  of  185  ±  4  ml/hr  and  to  overcome  the 
slight  pressure  losses  in  the  system.  The  test  section  consists  of  a  vertical  tubc-in-tube  heater  and  a  test  filter 
mounted  directly  on  the  heater  exit. 

The  inner  tube  ol  the  heatet  is  6061-T6  aluminum,  with  a  neated  section  2-3/S  in.  long  and  1/8  in.  OD. 
A  new  inner  tube,  prepolished  by  the  manufacturer,  is  used  fer  each  test.  In  the  heater  assembly,  the  fuel  Hows 
upward  through  the  annular  space  between  the  inner  tube  and  ?.n  outer  tube,  the  ID  of  the  outer  tube  is  0.190  in., 
giving  a  fuel  residence  time  of  12  seconds  (cold-flow  basis),  which  is  comparable  to  the  residence  times  in  the 
standard  fuel  coker.  The  inner  tube  is  resistance-heated  with  low-voltage  current,  and  its  temperature  is  measured  by 
a  movable  thermocouple  inside  the  tube.  The  thermocouple  junction  is  imbedded  in  a  small  copper  cylinder  that 
slides  within  the  heater  tube  and  provides  at  least  a  fair  degree  of  contact  with  the  inner  surface  of  the  tube. 

The  test  filter  medium  is  stainless  steel  Dutch-weave  screen  with  a  porosity  of  17  microns;  the  effective 
diameter  of  the  filter  is  0.072  in.  A  manometer  is  connected  to  measure  pressure  drop  across  the  test  filter.  The  How 
system  includes  an  in-line  filter  ahead  of  the  test  section;  this  is  the  same  porosity  as  the  test  filter  but  10  times  the 
flow  area. 

The  fuel  is  pumped  through  the  system  by  means  of  a  Zenith  gear  pump  located  after  the  test  section; 
i  c„  the  pump  draws  fuel  through  the  system  rather  than  forcing  it  through.  This  rather  unconventional  arrangement 
appears  to  work  well,  since  this  paiticular  pump  has  good  suction  characteristics  anG  the  flow  system  offers  little 
resistance.  The  advantage  of  this  pump  location  is  that  it  eliminates  any  possibility  of  pump-derived  contaminants 
entering  the  test  section.  Fuel  flow  rate  can  be  monitored  semiquantitatively  by  a  drip-flow  sight  glass  in  thv  fuel 
return  line,  and  total  fuel  throughput  is  measured  for  each  test.  However,  for  control  of  flow  rate,  primary  reliance  is 
placed  on  the  constant -delivery  characteristics  of  the  pump. 

Power  input  to  the  heated  tube  is  controlled  either  manually  or  automatically  to  maintain  a  constant 
tube  temperature  as  indicated  by  the  thermocouple,  which  is  positioned  0.85  in.  down  from  the  outlet  of  the  heated 
section.  This  position  is  normally  the  hottest  spot  in  the  tube.  During  each  test,  the  temperature  profile  of  the  tube 
is  established  by  switching  tc  manual  control  and  moving  thr  thermocouple  up  and  down  the  tube. 

"Die  thermocouple  and  temperature  indicator  are  calibrated  before  each  test  by  immersing  the  thermo¬ 
couple  in  pure,  molten  tin  and  observing  the  freezing  point,  449°F.  The  correction  factor  obtained  by  this  calibra¬ 
tion  may  be  applied  to  the  indicated  temperature  readings  during  the  subsequent  test. 

Before  a  test  is  started,  the  reservoir  and  test-section  components  are  disassembled,  cleaned,  and 
assembled  with  a  new  heater  tube  and  test  filter.  One  liter  of  test  fuel  is  filtered  through  Whatman  No.  1 2  paper  inio 
the  fuel  reservoir  and  then  aerated  for  6  minutes  with  an  airflow  of  1.5  liters/min.  The  system  is  pressurized  to  300 
psi  with  nitrogen,  and  the  pump  delivery  rate  is  checked  by  counting  the  drop  rate  in  the  sight  glass.  The  heater  is 
switched  on,  and  the  tube  brought  up  to  the  desired  operating  temperature.  Fuel  flow  and  heating  art  maintained 
for  5  hours.  During  this  period,  the  tube  temperature  profile  is  established  as  described  previously.  Filter  pressure 
drop  readings  are  taken  every  30  minutes.  The  filter  may  be  bypassed  if  excessive  plugging  occurs. 

After  shutdown  and  disassembly,  the  heater  Mbe  is  rinsed  with  hexane  ar.d  then  coloi  -rated,  using  a 
standard  ASTM  Tub^rator  and  color  standards,  along  with  an  adaptor  for  holding  the  small  JFTOT  tube.  The  color 
ratings  are  p'otted  against  position  on  the  tube,  and  the  temperature  profile  is  plotted  on  the  same  graph.  From  this 
graph,  reading  from  fuel  inlet  to  fuel  outlet,  the  inception  points  for  Code  1 , 2, 3,  and  4  deposits  can  be  translated 
into  corresponding  tube  temperatures.  For  purposes  of  data  analysis  and  reporting,  we  have  considered  the  break¬ 
point  as  that  temperature  corresponding  to  the  inception  of  deposits  rated  Mo.  3  or  darker.  This  is  analogous  to  the 
definition  of  breakpoint  used  in  standard  and  modified  fuel  cokers.  U  should  be  remembered,  however,  that  the 
breakpoint  thus  defined  in  the  JFTOT  is  nominally  a  metal  surface  temperature,  hence  would  be  expected  lo  be 
higher  than  a  standard  or  modified  coker  breakpoint  defined  in  terms  of  p.-chcater  fuei-out  temperature.  Breakpoints 
based  on  filter  plugging  have  not  yet  been  defined  for  the  JFTOT,  so  far  as  we  are  aware. 
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c.  Operating  Experience  with  JFTOT 

The  most  serious  problem  encountered  in  our  early  operation  of  the  JFTOT  was  poor  operation  of  the 
temperature  controller.  This  was  a  new  model,  not  the  one  used  in  the  first  JFTOT  units.  A  service  representative  of 
the  controller  manufacturer  has  resolved  this  problem  by  proper  adjustment  of  the  controller  and  auxiliary  com¬ 
ponents  of  the  control  system.  Since  that  time,  the  controller  performance  has  been  quite  satisfactory.  Warmup  can 
be  accomplished  on  automatic  corftrol  without  overshoot,  and  siable  control  is  maintained  through  the  run. 
Switching  from  automatic  to  manual  control  to  record  the  tube  temperature  profile,  and  switching  back  to  auto¬ 
matic  control,  can  be  performed  without  any  substantial  temperature  fluctuations.  All  of  these  operations  do  require 
the  development  of  certain  techniques  by  the  operator  and  arc  dependent  on  proper  adjustment  of  all  components 
of  the  control  system.  The  system  is  inherently  “toucny”;  that  is,  small  variations  in  power  input  are  reflected 
almost  instantly  in  large  variations  in  tube  temperature.  It  appears  that  standardization  of  control-component 
adjustments,  warmup  procedures,  and  automatic/manual  switching  procedures  will  be  necessary. 

Ore  major  advantage  of  the  JFTOT  over  conventional  fuel  cokers  is  the  ease  of  assembly,  disassembly, 
and  cleaning.  Turn-around  tim<*  is  far  less  than  with  standard  or  gas-drive  cokers.  The  JFTOT  flow  system  is  well 
designed,  and  no  problems  have  been  encountered  in  its  operation.  The  unit  requires  very  little  attention  once  it  is  in 
steady  operation.  In  overall  operability  and  maintainability,  it  represents  a  very  significant  improvement  over  the 
standard  or  g3S-drive  coker. 

Another  advantage  of  the  JFTOT,  along  with  other  small-scale  test  devices,  is  the  small  amount  of  fuel 
sample  that  is  requited.  One  liter  per  test,  as  opposed  to  about  three  gallons  for  the  gas-drive  coker,  represents  a 
considerable  advantage  in  any  extensive  investigation  of  thermal  and  storage  stability  of  fuels  or  compatibility  "  ith 
fuel-system  materials.  In  particular,  storage  stability  programs  based  on  standard  or  gas-drive  coker  evaluations  have 
required  the  storage  of  drum  quantities  of  fuel,  with  increased  requirements  for  hot  and  cold  storage  space,  storage 
containers,  and  handling  facilities.  The  advantage  of  the  JFTOT  in  sample  size  would  be  even  greater  if  a  breakpoint 
could  be  established  in  a  single  test.  As  will  be  seen  from  the  data  presented  in  the  following  section,  several  tests  are 
generally  required,  and  the  number  of  tests  may  become  excessive  if  the  breakpoint  is  missed  by  a  wide  margin  in 
the  initiai  tests. 

Under  the  current  operating  procedure,  the  JFTOT  test  period  is  5  hours,  the  same  as  the  standard  fuel 
coker.  Therefore,  it  offers  no  test-time  advantage  except  that  of  faster  turnaround.  The  productivity  of  a  single  unit 
is  still  limited  to  one  test  per  8-hour  working  day,  or  possibly  four  tests  per  day  if  operated  on  a  three-shift  basis. 

For  practical  purposes,  the  upper  limit  on  operating  temperature  of  the  JFTOT  is  somewhere  around 
700°F.  Test  temperatures  up  to  725°F  were  used  in  our  evaluations.  With  high  test  temperatures,  the  aluminum 
heater  tubes  are  often  found  to  be  bowed  after  test,  presumably  because  of  differential  expansion  and  end  restraint. 
Also,  in  several  cases,  a  single  streak  of  dark  deposit  has  been  noted  on  the  convex  side  of  the  bowed  tube.  This 
probably  indicates  a  hot  spot  at  the  point  of  flow  restriction.  The  permanent  set  of  the  bowed  tubes  that  were 
observed  has  never  been  sufficient  to  reduce  the  annular  clearance  to  zero  or  even  near-zero.  However,  the  amount 
of  tube  bowing  during  the  actual  test  cannot  be  determined.  One  would  suppose  that  if  actual,  firm  contact  were 
made  between  inner  and  outer  tubes,  the  current  drain  from  the  inner  tube  would  be  sufficient  to  be  detected  at 
once  as  an  upset  in  temperature  control,  if  more  drastic  effects  did  not  occur.  In  any  case,  whether  contact  does  or 
docs  not  occur,  the  tube  bowing  does  represent  an  operational  problem  that  should  be  corrected  if  at  all  possible. 

Certain  problems  exist  in  color-rating  the  heater  tubes.  One  of  these  is  the  small  size  of  the  tube.  If  is 
asking  a  great  deal  of  the  human  eye  to  give  accurate  matching  of  such  small  patches  or  bands  of  color, 
particularly  in  the  rather  frequent  cases  when  the  correspondence  of  the  shades  to  those  of  the  color 
standards  is  poor.  Some  attempts  have  been  made  in  our  ratings  to  use  a  magnifying  glass.  However,  the  color 
code  ratings  observed  under  the  glass  are  often  significantly  different  than  those  observed  without  magnifica¬ 
tion.  In  the  interest  of  consistency,  all  ratings  reported  here  are  those  obtained  by  the  unaided  eye.  The 
general  problems  of  visual  ratings  exist  for  all  cokers  in  which  surface  deposits  are  rated  by  color.  It  is  to  be 
iiopea  that  some  of  the  current  efforts  toward  ncnvisual  rating  systems  will  result  in  a  reliable  and  convenient 
method  for  deposit  rating. 
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FIGURE  6.  JFTOT  DEPOSIT  AND  TEM¬ 
PERATURE  PROFILES 

at  random,  this  explanation  appears  unlikely, 
explanation  that  is  at  all  reasonable. 


Another  problem  in  rating  the  tubes  is  decid¬ 
ing  what  significance  to  assign  to  abnormal  deposit  pro¬ 
files.  This  is  illustrated  in  Figure  6,  which  shows  the 
temperature  profile  for  a  test  run  at  590° F  maximum 
tube  temperature,  along  with  two  deposit  curves  repre¬ 
senting  normal  and  abnormal  deposit  profiles.  The  plots 
are  of  the  type  recommended  by  Alcor  for  determining 
breakpoints,  but  the  deposit  profiles  are  smoothed  for 
purposes  of  illustration*.  On  the  graph,  left  to  right 
represents  the  direction  of  fuel  flow,  with  the  maximum 
temperature  located  0.85  in.  from  the  outlet.  Both 
deposit  curves  denote  a  maximum  color  rating  of  3.  In 
the  ‘“normal”  distribution,  the  maximum  color  rating 
occurs  either  very  near  the  maximum  in  the  temperature 
curve  (0.85  in.)  or  slightly  to  the  left  of  this  point.  In 
the  '“post-peak”  distribution,  the  maximum  deposits 
occur  well  to  the  right  of  the  maximum-temperature 
point,  i.e.,  beyond  the  maximum-temperature  point  in 
the  direction  of  fuel  flow.  As  to  physica’  significance,  it 
can  perhaps  be  argued  that  some  fuels  are  sensitive  to 
metal  surface  temperature  and  deposit  progressively  as 
the  surface  becomes  hotter  up  to  the  maximum  at  0.85 
in.  from  the  outlet;  other  fuels  are  more  sensitive  to 
buik-fuel  temperature,  and  thus  lay  down  a  deposit  pro¬ 
file  that  does  not  necessarily  follow  the  metal  tem¬ 
perature  profile.  Since  the  post-peak  deposits  do  not 
seem  to  appear  with  any  specific  fuels,  but  more  or  less 
However,  we  have  not  been  able  to  arrive  at  an  alternate 


Whatever  the  significance  of  the  post-peak  deposit  patterns,  they  do  introduce  problems  in  estab¬ 
lishing  breakpoints.  Referring  again  to  Figure  6,  on  the  "normal”  curve,  the  No.  3  deposit  is  obtained  at 
approximately  585°F  on  the  rising  portion  of  the  temperature  curve,  so  that  it  is  reasonable  to  assign  a  breakpoint 
of  5S5°F  based  on  such  a  test.  On  the  “post-peak”  curve,  the  No.  3  deposit  corresponds  to  a  tube  temperature  of 
about  562°F,  on  the  falling  portion  of  the  temperature  curve.  It  is  of  dubtful  significance  to  call  the  breakpoint 
562°F  when  the  fuel  had  been  exposed  to  metal  temperatures  up  to  590°F  without  leaving  any  severe  deposits  at 
that  point.  When  such  deposit  profiles  are  observed,  one  has  ‘.he  choice  of  (a)  taking  the  indicated  breakpoint  at  face 
value,  (b)  taking  the  maximum-temperature  point  as  the  breakpoint,  (c)  ignoring  the  anomalous  deposits  in  rating 
the  test,  or  (d)  throwing  out  the  test  result  altogether.  In  arriving  at  the  breakpoint  results  reported  here,  we  have 
ignored  any  deposits  located  more  than  G.2  ir.  beyond  the  maximum-temperature  point.  This  cutoff  point  is 
somewhat  arbitrary,  representing  our  best  estimate  of  the  point  beyond  whicii  one  can  say  that  deposit  intensity  is 
no  longer  related  to  metal  temperature. 

Others  have  expressed  the  opinion  that  the  post-peak  deposits  r. re  characteristic  of  certain  fuel  samples 
or  certain  types  of  fuels.  Our  data  are  more  indicative  of  a  random  occurrence.  In  any  ever*,  it  will  be  necessary  to 
agree  on  a  standard  method  of  interpreting  pcst-ueak  deposits  if  the  JFTOT  is  to  be  used  as  an  interlaboratory 
device  for  rating  fuels. 

Finally,  mention  should  be  made  of  deposit  color  changes  that  occur  on  standing.  This  phenomenon  has 
been  observed  in  several  other  laboratories.  The  color  changes  appear  to  be  complete  within  24  hours.  In  the  results 
reported  here,  all  tubes  have  been  rated  1  hour  after  completion  of  the  test  and  again  after  24  hours. 


•Since  the  deposits  generally  occur  in  fairly  sharp  bands,  the  profile  is  better  represented  by  a  “bar  graph"  type  of  plot. 
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d.  Test  Results  and  Discussion 


Results  obtained  to  date  in  5-hour  tests  are  summarized  in  Table  20.  Heater  deposit  ratings  are  listed  in 
terms  of  temperature  for  inception  of  deposits  corresponding  to  each  color  code.  Breakpoints  are  based  on  the  tube 
temperature  corresponding  to  the  inception  of  a  Code  3  deposit.  Temperatures  are  uncorrected;  the  correction,  if 
applied,  would  be  >3°F  for  Runs  7-1G,  +6.5°F  for  Runs  11-35,  and  +8°F  for  Runs  36-66.  Deposit  inception  points 
more  than  0.2  in.  beyond  the  maximum-temperr.ture  point  are  listed  in  the  inception-temperature  data  and  foot- 

V  noted:  such  deposits  are  ignored  in  determining  the  listed  breakpoints. 

> 

As  indicated  in  Table  20,  the  clav-treated  JP-7  fuel  gave  a  reproducible  breakpoint  of  t>95-703°F  in  tests 
at  700  and  725°F,  based  on  1-hour  tube  ratings.  The  rerating  at  24  hours  lowered  the  breakpoint  to  687-699°F, 
with  one  test  still  showing  iess  than  Code  3  deposits  at  700°F.  When  the  same  fuel  was  tested  with  2  ppm  of  added 
zinc,  a  wider  range  of  test  temperatures  was  explored,  and  a  phenomenon  that  we  have  termed  the  “floating 
breakpoint"  became  apparent.  In  the  first  test,  at  a  maximum  temperature  of  600°F,  a  breakpoint  of  502-503°F  was 
obtained.  In  tests  at  successively  lower  temperatures,  the  observed  breakpoint  also  became  lower:  the  most  reliable 
value  appears  to  be  462-463° F.  It  appears  that  the  most  reliable  results  are  obtained  when  the  breakpoint  is  very 
close  to  the  maximum  tube  temperature.  With  a  sufficient  number  of  tests,  it  is  possible  to  narrow  down  this  gap 
and  to  obtain  reliable  bieakpoints.  With  an  unknown  fuel  sample,  a  fairly  larg^:  number  of  tests  may  be  required  to 
narrow  the  gap.  The  “floating  breakpoint”  phenomenon  is  not  peculiar  to  the  zinc-contaminated  blend,  since  it  was 
observed  in  tests  on  other  fuels  in  this  program. 

Several  samples  of  a  relatively  new  fuel  in  Air  Force  storage,  AFFB-13-69,  were  evaluated  in  the  JFTOT. 
This  fuel  is  a  kerosine  with  relatively  high  thermal  stability.  The  results  on  this  fuel  (Table  20)  were  quite  erratic, 
and  we  were  unable  to  close  in  on  a  reliable  breakpoint  with  a  limited  number  of  tests.  The  “floating  breakpoint” 
phenomenon  is  particularly  evident  in  the  tests  on  Sample  2,  with  a  decrease  in  breakpoint  from  605°F  to  535°F  as 
the  maximum  tube  temperature  was  decreased  from  625°F  to  573°F.  When  the  tube  temperature  was  further 
lowered  to  550°F.  no  Code  3  deposits  were  observed. 

In  many  of  the  later  tests  in  this  program,  the  post-peak  deposit  pattern  occurred  so  frequently  that  they 
can  no  longer  be  regarded  as  abnormal.  However,  recalculating  the  breakpoints  on  the  basis  that  these  post-peak 
deposits  are  significant  does  not  improve  the  breakpoint  repeatability  to  any  marked  degree. 

The  breakpoints  shown  in  Table  20  based  on  24-hour  tube  ratings  neglecting  the  post-peak  deposits  are 
compared  in  Table  21  with  breakpoint  data  available  from  other  fuel  coker  tests  in  this  program.  The  JFTOT 
breakpoints  represent  the  tube  temperature  corresponding  to  a  Code  3  deposit;  the  other  coker  breakpoints  repre¬ 
sent  the  lowest  preheater  fuel-out  temperature  giving  a  Code  3  deposit. 

Of  the  JFTOT  breakpoints  shown,  the  only  ones  that  represent  narrow  ranges  and  reasonably  reliable, 
repeatable  values  are  on  the  clay-treated  JP-7  (687-699°F).  the  AFFB- 13-69  Sample  3  (574-S99°F),  and  possibly  the 
Shell  JP-7  Sample  2  (720-723°F),  although  the  latter  is  based  on  only  two  tests.  It  is  interesting  to  note  that  two  chit 
of  three  of  these  more  reliable  breakpoints  were  obtained  on  high-stability  fuels  which  in  fact  crowd  the  upper 
temperature  limits  of  the  JFTOT  to  obtain  a  rating.  The  data  on  different  samples  of  AFFB-13-69  are  very  erratic. 
We  understand  that  there  arc  other  indications  that  this  fuel  may  be  undergoing  changes  during  storage.  If  this  fuel  is 
particularly  susceptible  to  changes  during  storage  (or  even  in  sample  handling),  this  could  account  for  some  of  the 
capricious  behavior  of  the  JFTOT  test  results. 

The  JFTOT  breakpoints  line  up  in  a  general  way  with  the  breakpoint  data  available  from  other  fuel 

cokers. 


Examination  of  the  JFTOT  filter  plugging  data  (Table  20)  reveals  a  few  random  cases  of  plugging  (up  to 
3.2  in.  Hg)  in  the  tests  on  the  clay-treated  JP-7  with  and  without  zinc.  The  data  on  the  AFFB-13-69  fuel  show  that 
one  sample  (No.  3)  gave  severe  plugging  of  9-12  in.  Hg,  the  others  0.6  in.  Hg  or  less.  It  is  interesting  to  note  three 
cases  of  increased  plugging  as  the  test  temperature  is  lowered  (AFFB-13-69,  Samples  2,  3,  and  4).  This  phenomenon 
has  been  observed  in  the  past  with  other  fuel  cokers  and  similar  test  devices.  Consideration  of  filter  plugging  in  the 
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697 

0.0 

Clay-treated  JP-7  +  2  ppm  Zn  (Mixture  M-7) 


ArtB-U-W.  Sample  I,  Tank  H  10 


5  !  700 


h*l  662  ft  63  MS 


6  i  675 

i 

675 


4*5  646  610*  612* 
600  630  631  632 


540 

52?  550  600  603 


42#  525 

5<J2 


530  600 


Heater  temperature,  °F,  for 
first  color  rating  as  indicated 


I  -hr  rating  24-hr  ratin 


1  2  3 


Heater 

.  .  .  .  Filter 

breakpoint,  AD 

Op  » 

1  -hr  I  24-hr  Hg 


AFFB13-69,  Sample  2,  Tank  H-10 

40 

625 

575 

605 

606 

608 

520 

575 

605 

606 

606 

605 

0.0 

41 

600 

540 

580 

594 

595 

508 

515 

594 

595 

594 

594 

0.0 

42 

575 

492 

528 

535 

536 

470 

472 

535 

540 

535 

535 

0/ 

43 

550 

535* 

525* 

-- 

— 

535* 

525* 

— 

... 

>550 

>550 

0.6 

AFFB-13-69,  Sample  3,  Tank  B-l  7 

44 

600 

597 

599 

599 

600 

597 

599 

599 

600 

599 

599 

0.1 

45 

575 

569 

571 

574 

572 

569 

571 

574 

572 

574 

574 

12.0 

46 

550 

550 

540* 

505* 

500* 

550 

540* 

523* 

497* 

♦ 

* 

92 

47 

525 

514 

... 

... 

489 

489 

... 

>525 

_ 

>525 

10.0 

AFFB-13-69,  Sample  4.  Tank  B-l  7 

50 

600 

591 

599 

596 

595 

600 

596 

592 

59 

6 

596 

0.0 

40 

550 

526 

- 

— 

526 

— 

... 

... 

>550 

0.1 

48 

535 

... 

... 

... 

— 

510 

... 

... 

... 

>53 

5 

>5.; 

0.3 

ArfB  13-^9.  Sample  J,  Tank  81 


>4  600 

595 

.Vi  590 

585 

SI  578 


5‘>0 

596 

595 

59  J 

596 

595 

0.0 

5‘H) 

5K7* 

583* 

579* 

• 

• 

1 

0.0 

sh: 

S4  :* 

>590 

>590 

0.0 

5r>0* 

5  ij* 

... 

>885 

.  i 

0  0 

568 

57: 

>ST5 

>  5  7s 

a  0 

TABLE  20.  THERMAL  STABILITY  RATINGS  WITH  ALCOR  JFTOT  (Cont’d) 


Heater  temperature,  °F,  for 
first  color  rating  as  indicated 


1-hrratin 


breakpoint 


24-hr  ratin 


2  3 

mm 

2  3 

1  -hr  1 

Shell  JP-7,  Sample  1  (Cont’d) 


31 

700 

660* 

545  693  690*  660* 

>680 

>680 

0.0 

60 

1 

700 

470  -  -  675 

525  .  675 

675 

675 

0.0 

62 

700 

595  - 

574  . 

>700 

>700 

0.0 

59 

690 

607  685  - 

607  685  . 

>690 

>690 

0.0 

32 

680 

470f  _ 

658  660  663  683 

663 

663 

0.0 

Shell  JP-7,  Sample  2 


65 

725 

590  .  723 

575  -  -  723 

723 

723 

0.0 

66 

720 

570  718  . 

570  718  720  - 

>718 

720 

0.0 

64 

700 

575  695  - 

660  690  . 

>700 

>700 

0.0 

•Color  far  beyond  hottest  point:  not  used  in  breakpoin'  rating, 
t  Brassy  color  over  most  of  heated  section. 


TABLE  21.  BREAKPOINTS  OBTAINED  IN  VARIOUS  FUF!  COKERS 


Healer  breakpoint,  F  Cor  Code  3 _ 

Research 

JFTOT  Standard  Gas  drive  reservoir. 

100°  F 


Clay-treated  JP-7 

687-6W 

Same  +  2  ppm  Zn 

460-502 

AFFB-13  V  Sample  i 

5  10-66  7 

> 

5.15-605 

r  ! 

| 

574-5'W 

1 

4 

5*J6 

5 

;  s 

Shell  JP-7.  Sample  1 

*,6  071 1 

> 

720 v:  t 

>7oo  j  , 

>700  i  vs  vo 


JFTOT  as  a  rating  parameter  to  establish  breakpoints  wilt  require  the  resolution  of  some  rather  difficult  questions. 
First  of  all,  some  definition  will  have  to  be  made  as  to  the  pressure  drop  that  is  considered  significant  as  a  criterion 
of  failure.  Such  criteria  for  the  standard  coker  have  been  quite  arbitrary,  being  set  originally  at  25  in.  Hg  with 
successive  decreases  to  the  value  of  3  in.  Kg  appearing  in  most  of  the  newer  specifications.  Any  calculated  correla¬ 
tion  between  two  different  filters  and  flow  rates  (e.g.,  standard  coker  and  JFTOT)  is  rather  meaningless  because  of 
lack  of  mathematical  definition  of  the  filter  medium  and  particularly  the  effective  filter  area,  which  will  tend  to 
"spread  out”  as  the  filter  becomes  partially  plugged.  This  behavior  introduces  ambiguity  into  the  use  of  the 
exposed-medium  surface  area  for  prorating  flow  rates  and  pressure  drops.  Since  the  choice  of  a  cutoff  point  for 
pressure  drop  in  breakpoint  ratings  is  arbitrary  in  any  case,  the  most  reasonable  approach  will  be  simply  to  take  the 
lowest  pressure  drop  shown  by  experience  to  be  at  all  indicative  of  fuel  deterioration  rather  than  equipment 
variables.  This  may  be  as  low  as  0.2  in.  Hg  in  the  standard  fuel  coker.  Some  years  ago,  we  analyzed  the  results  of 
standard  fuel  coker  tests  we  had  run  in  1956-57,  using  a  pressure  drop  of  0.2  in.  Hg  at  70  minutes  as  the  pass-fail 
criterion.  Out  of  a  total  of  134  tests,  128  gave  the  same  pass-fad  rating  by  this  criterion  as  by  the  then-stand3rd 
criterion  of  13  in.  Hg  at  300  minutes.  The  test -time  advantage  of  the  use  of  lower  pressure-drop  criteria  is  obvious, 
and  there  are  other  valid  arguments  in  favor  of  using  small  pressure  drops  as  criteria.  The  use  of  small  pressure  drops 
emphasizes  the  "induction  period"  aspect  of  filter  plugging  and  deemphasizes  the  “plugging  rate”  aspect.  The 
induction  period  is  considered  to  be  more  representative  of  a  fuel’s  inherent  thermal  stability;  the  plugging  rate  is 
more  likely  to  be  influenced  by  extraneous  factors  as  well,  in  particular  variations  in  the  filter  media. 

So  far  as  the  JFTOT  is  concerned,  the  data  reported  here  are  not  sufficient  for  any  vahd  recommenda¬ 
tions  on  filter-plugging  breakpoint  criteria.  The  data  on  the  AFFB-13-69  indicate  that  pressure  drops  as  low  as 
0.3-0.6  in.  Hg  may  be  valid  criteria  of  plugging,  since  the  standard-coker  data  on  Sample  2  of  this  fuel  did  indicate 
rather  severe  plugging.  However,  the  occasional  random  plugging  with  other  fuels  in  the  JFTOT  suggests  a  problem 
related  to  the  equipment  and  procedure.  Possibly  the  recent  and  cument  CRC  work  on  this  apparatus  will  point  out 
optimum  criteria  for  allowable  filter  plugging. 

Another  problem  area  in  the  rise  of  filter  plugging  as  a  breakpoint  rating  criterion  is  the  fact  that  it  often 
appears  at  temperatures  well  below  those  causing  heater  deposits.  This  appears  to  be  the  case  with  the  JFIDT,  as 
evidenced  by  the  tests  on  three  of  the  AFFB-13-69  samples.  In  particular,  in  the  tests  on  Sample  3  (Table 
20),  the  initial  test  at  600°F  gave  what  appeared  to  be  a  perfectly  valid  tube-deposit  breakpoint  at  599°F  but 
no  significant  Filter  plugging.  If  this  test  had  been  accepted  at  face  value,  or  if  additional  tests  at  600°F 
maximum  tube  temperature  had  been  run  and  had  given  the  same  result,  one  might  have  ended  the  test  series 
without  dropping  the  temperature;  in  this  case,  the  severe  filter  plugging  at  a  25°F  lower  temperature  would 
not  have  been  detected.  In  the  case  of  Sample  2,  the  development  of  Filter  plugging  as  the  test  temperature 
was  lo  vered  was  more  gradual,  it  likewise  would  have  been  missed  if  all  tests  had  been  run  at  the  higher 
temperature. 

This  type  of  problem  is  not  peculiar  to  the  JFTOT,  but  its  appearance  in  these  early  data  does  point  out 
the  need  for  further  investigation.  A  step-temperature  approach  during  the  first  hour  of  test  might  be  useful  in 
detecting  cases  of  low-temperature  plugging.  If  a  step-temperature  approach  could  be  developed  that  would  detect 
the  onset  of  both  filter  plugging  and  heater  deposits,  this  would,  of  course,  be  ideal.  The  obvious  difficulty  in  such 
an  approach  with  the  JFTOT,  as  in  the  standard  coker,  is  the  lack  of  any  means  of  detecting  heater  deposits  while 
the  test  is  in  operation. 

Another  worthwhile  objective  in  further  work  on  the  JFTOT  is  a  reduction  in  test  time.  As  discussed 
previously,  the  JFTOT  with  the  currently  recommended  procedure  h3S  only  a  minor  advantage  over  the  standard 
fuel  coker  so  far  as  test  scheduling  and  test-unit  pioductivity  arc  concerned.  If  a  test  procedure  could  be  devised  for 
the  JFTOT  with  a  test  period  of  3  hours  or  less,  the  advantage  would  increase  very  materially.  Only  a  few  tests  were 
run  in  this  program  with  test  periods  shorter  than  5  hours,  and  the  results  were  inconclusive  because  the  test  fuel  was 
too  stable.  This  was  the  clay-treated  JP-7  fuel,  which  gave  breakpoints  of  687-699°F  in  5-hour  tests.  The  short-term 
test  data  are  summarized  in  Table  22. 

It  will  be  noted  that  filter  plugging  was  apparently  random,  as  had  been  observed  in  5-hour  tests  on  this 
same  fuel.  So  far  as  the  tube  deposit  data  are  concerned,  the  only  one  showing  a  breakpoint  was  the  4-hour  test  at 


45 


TABLE  22.  THERMAL  STABIL»TY  RATINGS  WITH  ALCOL  725°F  baaed  on  the  24-hour  renting  of  the 
JFfOT  USING  SHORT  TEST  PERiODT  tube.  This  single  result  does  s.t  least  indicate 

some  pouibility  of  rading  time  for  tempera¬ 
ture,  which  may  remit  in  a  feasible  test  pro¬ 
cedure  for  less  stable  fuels. 

e.  Conclusions 

The  Alcor  JFTOT  has  been 
investigated  in  this  program  primarily  to 
explore  the  possibilities  of  its  use  in  long¬ 
term  storage  and  thermal  stability  studies. 
Operating  experience  with  this  unit  ''as 
indicated  significant  advantages  over  the 
standard  and  gas-drive  cokers  in  ease  of 
operation  and  turnaround.  Wi*h  the  present 
5-hour  procedure,  it  has  very  little  advantage 
in  test  time  or  uni»  productivity.  The  small 
sample  requirement  is  a  definite  advantage 
for  use  of  the  device  in  fuel  storage  programs.  The  princtpal  problems  encountered  in  use  of  the  Alcor  JFTOT  were 
in  the  interpretation  of  post-peak  deposit  profiles  and  in  narrowing  dc'.vn  the  breakpoint  with  a  reasonable  number 
of  tests.  This  program  was  not  designed  to  give  a  statistics!  measure  of  repeatability ;  qualitatively  it  may  be  said  tha» 
problems  do  exist,  at  least  with  some  fuels.  Some  of  the  problems  that  have  been  discussed  he-e  nr  y  be  rerolveo  by 
cooperative  CRC  programs.  In  any  case,  the  work  reported  item  has  denionstr.  ted  that  cue  Alcor  JFTOT  does  hrve 
considerable  promise  for  use  as  a  rating  device  in  long-.erm  programs  on  fuel  storage  and  thermal  siioiliiy 


Test 

time, 

hr 

Tm*x> 

°F 

Heater  temperature,  °F,  for 
indicated  color  rating 

Filter 
AP, 
in.  Hg 

1-hr  rating 

24-hr  rerating 

1  2  3 

1  2  3 

3 

725 

___  ___ 

690  - 

5.2 

7 

707 

—  — 

572  - 

0.3 

3 

707 

—  —  — 

572  645  - 

0.1 

3 

700 

—  —  — 

580  - 

0.0 

4 

725 

-  712  - 

595  712  713 

n  <> 

w  »w 

4 

700 

607  -  - 

580  696  ~ 

1.9 

4 

700 

-  682  - 

525  675  - 

0.0 

_ 

It  Fad  been  planned  to  carry  ou.  an  analogous  study  of  the  Erdco  Precision  Fuel  Coker,  the  other  tps* 
device  under  consideration  by  CRC.  No  results  were  obtained  in  time  for  inclusion  in  this  repo  t.  Con  pie. e  remits 
from  tests  using  both  devices  will  be  presented  in  a  future  Technical  Report 


4^7 


MHMMMn 


SECTION  III 

FUEL  LUSRICITY  SIMULATOR 


Recently,  SwRl  was  assigned  tne  task  of  putting  into  operation  a  Jet  Fuel  Lubricity  Simulator,  which  had 
been  constructed  for  the  Air  Force  by  a  contractor  under  the  guidance  of  a  CRC  group.  Once  in  operation,  the 
apparatus  was  to  unde/go  an  evaluation  to  establish  its  utility  as  a  screening  device  of  fuel  lubricity  performance. 

Development  of  the  lubricity  simulator  was  the  outgrowth  of  an  Air  Force  field  problem  with  fuel  controls. 
The  difficulty  centered  around  sticking  control  valves,  and  me  severity  of  the  problem  in  the  field  appea  id  to  be 
affected  by  the  nature  of  the  fuels  being  handled.  The  design  of  the  lubricity  simulator  was  intend  ;u  to  provide  a 
means  of  investigating  the  problem  area  in  a  realistic  way. 

Briefly,  the  lubricity  simulator  is  comprised  of  two  cylinder  and  valve  sets  which  can  be  loaded  perpen¬ 
dicularly  up  to  60  lb  by  simple  adjustment.  Test  fuel,  uncer  pressure,  is  supplied  to  ti  e  valve  and  cylinder 
assemblies,  and  the  force  required  to  move  the  valves  is  measured  continuously  by  means  of  strain  gages.  Valve  travel 
is  also  measured  continuously  with  a  linear  voltage  differential  transformer,  and  a  plot  of  axial  force  veisus  travei  can 
then  be  obtained.  A  suitable  drive  ii  used  to  actuate  the  valves  for  the  number  of  desired  cycles. 

The  CRC  Jet  Fuel  Lubricity  Siirula  c'  that  was  furnished  to  the  Air  Force  by  the  contractor  consisted  of  the 
“test  section”  only,  without  any  drive  system  or  instrumentation.  Considerable  delay  has  been  occasioned  by  the 
need  to  establish  the  requirement  for 
drive  system  and  instrumentation  and 
then  to  procure  and  assemble  these 
components.  In  the  meantime,  a  tem¬ 
porary  and  makeshift  buildup  with 
borrowed  components  has  allowed  »he 
limited  operation  of  the  lubricity 
simulator.  This  has  proved  to  be  of 
much  value  in  determining  the  overall 
arrangement  of  the  lubricity  simulator 
system.  Figure  7  shows  the  general 
arrangement  and  components  of  the 
fuel  lubricity  simulator  test  system.  A 
variable-speed  drive  actuates  the  valves 
over  a  fixed  distance  of  travel.  Axial 
force  on  the  simulator  valves  will  be 
detected  by  strain  gages,  valve  travel 
will  be  measured  by  an  l.V'DT,  and 
these  Signals  will  be  fed  into  a  demod¬ 
ulator  from  which  the  outputs  will  be 
displayed  on  an  X-Y  recorder  This  will  give  a  continuous  plot  of  these  parameters  over  as  many  cycles  as  needed  A 
nitrogen  gas-drive  system  will  be  used  to  flow  fuel  through  the  lubricity  simulator  at  the  desired  rate,  and  the 
influent  test  fuel  will  be  filleted  through  a  O-J'ip  filter  Perpetuity  utar  force  on  the  valves  van  be  appft-d  inu.ally  by 
means  of  a  calibrated  spring  and  will  remain  constant  over  the  test  period 


N. 
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Thus  upon  establishing  optimum  operating  conditions,  fucti  may  then  be  rated  on  a  relative  basis  against  i 
standard  or  by  determining  the  coefficient  of  friction  as  desired  in  .vder  to  be  yiinfi dent  ot  these  data,  it  will  be 
necessary  to  have  an  effect, ve  flushing  and  cleaning  procedure  established .  an  ♦  the  development  of  such  i  procedure 
is  now  receiving  considerable  attention 
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SECTION  IV 


FUEL  CORROSION  INHIBITORS 


1.  BACKGROUND 

Corrosion  inhibitors  have  been  vued  in  JP-4  fuel  for  a  number  of  years,  primarily  for  internal  protection  of  fuel 
pipe  lines.  InhibitOtS  are  qualified  under  specification  MIL-1-25017B,  which  was  issued  in  1962.  Inhibitors  are 
required  to  pass  a  corrosion  test,  which  fixes  the  “relative  effective  concentration,”  i.e.,  the  minimum  allowable  use 
concentration.  The  maximum  allowable  concentration  is  established  by  several  criteria  but  cannot  be  greater  than 
four  times  the  relative  effective  concentration  nor  greater  than  20  pounds  per  1000  barrels  of  fuel  (20  lb/Mbbl). 
Once  an  inhibitor  has  been  qualified  under  the  specification,  it  may  be  used  in  fuels  supplied  to  the  Government 
without  any  further  testing.  The  fuel  supplier  purchases  an  inhibitor  that  is  certified  to  meet  the  inhibitor  specifica¬ 
tion,  anu  the  only  inspection  tests  that  are  run  are  on  the  blended  fuel.  These  tests  do  not  delude  any  form  of 
corrosion  test. 

To  update  the  corrosion  inhibitor  specification,  the  Air  Force  has  issued  a  proposed  specification,  M1L-I- 
2501 7C,  draft  dated  January  1968.  The  pertinent  sections  of  this  specification  are  included  here  for  reference  (see 
Appendix).  Qualification  testing  under  this  proposed  specification  uncovered  a  number  of  difficulties,  primarily  in 
the  rusting  test  itself.  This  problem  was  assigned  to  SwRJ  for  investigation;  the  results  obtained  to  date  are  reported 
herein. 

2.  RELATIVE  EFFECTIVE  CONCENTRATION 

The  test  for  determining  the  relative  effective  concentration  of  corrosion  inhibitors  is  an  adaptation  of  ASTM 
Method  D  665,  “Rust  Preventing  Characteristics  of  Steam-Turbine  Oil  in  the  Presence  of  Water."  The  method  as 
specified  in  MIL-I-25017B  calls  for  testing  the  corrosion  inhibitor  in  increasing  concentrations  of  0.5  lb/1000  bbl 
increments  in  depolarized  isooctane,  after  preliminai /  extraction  of  the  test  blend  with  distilled  water.  The  test  is 
run  at  100°F  with  20  hours  exposure  to  synthetic  sea  waiei  Specimens  showing  no  rusting  under  "normal  light" 
(approximately  60  footcandles)  are  considered  as  passing  The  minimum  concentration  of  a  particular  corrosion 
inhibitor  which  produces  specimens  passing  the  test  is  considered  the  relative  effective  concentration. 

Because  problems  of  poor  reproducibility  had  been  encountered  with  this  test,  additional  modifications  were 
specified  in  the  proposed  draft  of  MIL-I-25017C.  These  included  (I)  a  more  rigorous  depolarization  of  the 
isooctane,  (2)  more  specific  directions  for  polishing  the  steel  test  specimens;  (3)  more  specific  directions  for  the 
water  ex*’actton  of  the  test  solutions.  (4)  specification  of  a  5-hour  test  with  synthetic  sea  water  at  !00°F;(5) 
definition  of  a  passing  test  as  a  specimen  having  less  loan  ux  spots  of  lust  less  than  I  mm  in  diameter  on  the  center 
17/8  inch  section  of  the  test  specimen  (ignoring  the  vnu  sections)  Hie  test  procedure  is  listed  in  the  Appendix 
paragraphs  4.0. 1  through  4  b  3.2 

Subsequently,  tests  by  Air  Force  personnel  with  (his  pr-cedurc  (using  synthetic  sea  water)  had  given  rather 
psxir  repeatability ,  which  appeared  to  be  improved  by  lire  substitution  of  distilled  water,  f  urther  work  by  SwR(, 
reported  here,  was  directed  toward  defining  the  -.cat  repeatability  and  the  relative  performance  of  corrosion 
inhibitors  in  5 -hour  tests  with  do  rilled  water 


Mention  should  be  mack  of  an  anomaly  in  the  specification  fo»  the  steel  ■  «d  im  test  specimens  ASTM 
tails  for  101'.  1020,  or  1025  cuhJ-ftflhhed  bar  Such  material  has  been  oh.  ,.te  for  many  years,  but  the  ASTM 
pioee-Jytr  has  not  been  updated  Most  laboratories  use  1018  cold- finished  bar.  which  differs  from  the 
1C)  5- 1020  102'  series  in  having  a  higher  maft*g*ne«r  -intent  For  the  w.*k  reported  here,  the  Air  Force  obtained  a 
supply  t>(  1020  koimfir-J  bar  tn  '-'8  inch  shame tet  from  which  the  I  2  m, Ji  specimens  were  Fabricated  This 
matenai  has  been  used  in  all  of  the  feats  reputed  herein 


The  results  of  ou.r  rusting  tests  are  surrfananred  m  Table  23 


TABLE  23.  RUST' .MG  TEST  RESULTS  ON  CORROSION  INHIBITORS 


S-ht  tests  pet  Proposed  MIL-12501 7C  using  distilled  water 


TABLE  23.  RUSTING  TEST  RESULTS  ON  CORROSION  INHIBITORS  (Cant’d) 


5 -hr  tests  per  Proposed  MIL-l-2501 7C  using  distilled  water 


Concn, 

Ib/Mbbl 

dumber  of  tests 

Remarks 

Pass 

Questionable 

Fail 

Inhibitor  D  (three  different  samples) 

2  thru  1 5 

i 

35 

16.0 

i 

2 

16.5 

1 

17.0 

1 

3 

18.0 

4 

i 

3 

18  5 

i 

REC>  18  i>/Mbbl 

19.0 

2 

i 

1 

20.0 

2 

Inhibitor  D,  water  extraction  omitted 

3  thru  5 

1 

i  ' 

6.0 

4 

3 

3 

6.5 

1 

REC  6  to  7  Ib/Mbbl  without  water  extraction 

7.0 

3 

3 

1 

7.5 

1 

8.0 

5 

> 

L. 

1 

8.5  thru  16 

5 

Inhibitor  E.  old  sample 

4  thru  10 

?. 

1 

10 

Single  passes  at  5.0  and  1 0.0  Jb/Mbbl 

10.5 

1 

12.0 

I 

14.0 

1 

1 

Inhibitor  E.  new  sample 


10  0 

. 

2 

11.0 

i 

i 

12.0 

1 

i 

1 3.0 

i 

14.0 

■> 

15.0 

i 

18.0 

i 

18  5 

i 

IV. 5 

i 

20.0 

J 

•  W 

1 

_ — 

Inhibitor  E 


3  0 

1 

3 

3  5 

3 

1 

RET  3  5  Ib/Mbbl 

4,0 

3 

1 

j 

_ 1 

TABLE  23.  RUSTING  TEST  RESULTS  ON  CORROSION  INHIBITORS  (Cont’d) 


5-hr  tests  per  Proposed  Mil. -I -2501 7C  using  distilled  water 


- -1 

Concn, 

Number  of  tests 

Remarks 

ib/Mbbl 

Pass 

Questionable 

Fam 

Inhibitor  G 

2.0 

i 

2 

2.5 

i 

REC  2.5  Ib/Mbbl 

3.0 

2 

5 

3.5 

1 

Inhibitor  H 

1.5 

— 

i 

2.0 

3 

2.5 

1 

3 

3.0 

2 

1 

REC  3.0  Ib/Mbb! 

3.5 

_ _ 

1 

- - 

The  repeatability  of  the  test  is  evidently  inadequate  to  differentiate  0.5  Ib/Mbbl  increments  of  concentration. 
There  is  generally  no  sharp  transition  from  failing  to  passing  results  as  the  concentration  is  increased;  hence,  the 
relative  effective  concentration  cannot  be  pinpointed.  Further  ambiguity  is  introduced  by  the  occasional  ‘random” 
results  that  are  encountered,  particularly  passes  at  oncentrations  far  below  the  apparent  RjEC 

REC  data  from  two  other  sources  are  compared  wi»h  the  SwRI  data  in  the  following  tabulation. 

SwRl  Lab  2  Manufacturer 


A 

4.5 

3.0 

B 

3.0 

5.0 

( 

5.5 

4.5 

7.0 

U 

>18 

->t  c. 

E 

>20 

4.5 

l 

3.5 

i  5 

4.0 

G 

2.5 

■>  <, 

4  5 

H 

3.U 

2.0 

3.5 

For  the  four  inhibitors  checked  b>  l  ab  2.  each  Rl.C  was  within  1.0  Ib/Mbbl  ol  the  corresponding  valut 
determined  by  SwRI  The  manufacturers’  data  wete  obtained  in  '’-lioui  sea -water  tests,  whereas  the  SwRl  and  Lab  2 
data  were  obtained  in  5-hour  distrlled-water  tests  The  nia-iuiacturers'  data  were  mostly  in  egt  evident  with  the 
others  Notable  exceptions  were  inhibitors  D  and  I;  where  our  results  indicate  iuiluies  even  at  IK  20  Ib'Mbbl  and  the 
msnufactuiers’  results  indicate  satisfactory  results  at  3  5-4  5  Ib'Mbbl  This  nuis  be  meiely  a  reflection  of  the 
difference  m  test  water,  or  ofhei  factors  may  enter  in  li  is  noteworthy  that  mhtbi'ors  l)  and  L  ate  tiie  urilv  two  in 
he  group  with  poor  solubility  in  isooctane. 

The  p*xH  repefitability  ot  the  test  results  is  no  doubt  the  end  product  ol  a  great  many  (actors  Some  of  the 
weak  j/oints  of  the  present  lest  method  and  equipment  that  are  Thought  to  «-  ntnbute  to  the  impiec’sions  ate  as 
:  olio  Ws ' 

•  1  wet  placement  of  sinters  and  control  of  stmer  wobble  is  difficult  m  older  eou>p:,^iit  this  could  lead 

to  differences  m  the  dispersion  ot  the  water  m  different  beakers  auor.g  die  test 
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•  The  ttpered  groove  in  ihe  cover  plate,  specified  in  ASTM  D665,  allows  th  •  cover  to  tilt  on  some  beakers 
so  that  the  test  specimen  is  not  vertical.  Droplets  of  water  might  be  expected  to  cling  more  easiiy  to  the 
angled  specimen  surface. 

•  The  oil  bath  not  stirred,  and  temperature  gradients  might  be  expected. 

•  The  specimen,  after  polishing,  fs  merely  wiped  with  a  paper  towel  and  then  pbced  in  test.  We  feel  that  a 
specimen  washing  procedure  should  be  included  to  remove  possible  contaminants  at  this  point. 

•  The  method  of  preparing  the  corrosion  inhibitor  blends  is  not  specified.  In  this  laboratory,  a  fresh 
concentrate  of  each  corrosion  inhibitor  was  prepared  on  the  same  day  the  final  blends  were  prepared  and 
tested.  With  inhibitors  D  and  E,  the  concentrates  (1000  Ib/Mbb!  in  depolarized  isooctanc)  were  cloudy. 
Thus,  partial  insolubility  of  the  inhibitor  in  the  final  test  blends  is  a  definite  possibility.  At  the  low 
concentrations  of  the  final  blends,  insolubility  cannot  be  detected  visually. 

•  The  preliminary  extraction  of  350  ml  of  the  isooctane  solution  of  inhibitor  with  35  ml  of  water  is  a 
source  of  additional  operator  vari  bility  and  may  not  reflect  field  usefulness  of  the  inhibitor. 

•  Most  critical  of  all  the  method  weaknesses  is  the  dependence  on  specimen  rating  judgment  of  the 
operator.  Type  and  intensity  of  lighting  are  critical,  and  the  mere  specification  of  lighting  at  approxi¬ 
mately  60  footcandles  does  not  define  the  lighting  conditions  adequately.  Also  critical  are  the  angles  of 
observation  of  the  specimen  and  the  visual  acuity  of  the  observer.  Many  of  the  tests  which  were  rated  as 
questionable  were  cases  where  a  technician  with  shsrp  eyesight  could  count  more  than  six  rust  spots, 
while  ano»her  rater  with  less  acute  eyesight  could  not  detect  this  many  spots  and  in  many  cases  could 
not  see  any  rust  at  all.  Often  the  pinpoint  sized  spots  are  grouped  very  closely,  so  that  a  question  arises 
as  to  whether  the  grouping  should  be  considered  one  or  several  spots. 

Several  of  the  above  weaknesses  were  given  preliminary  investigation.  Machining  out  the  groove  on  the  cover 
plat?  to  remove  the  taper  led  to  a  more  stable  cover  and  specimen  positioning. 

On  several  occasions,  specimens  were  subjected  to  thorough  cleanup  after  polishing  This  cleanup  was  designed 
to  remove  dusts  and  oily  or  water-soluble  residues  of  the  types  that  may  be  left  by  the  abrasive  paper  and  by 
perspiration  residues.  The  procedure  consisted  of  wiping  the  specimen  with  a  towel  wetted  with  toluene,  vapor 
degreasing  over  boiling  toluene,  dipping  in  boiling  methanol,  and  again  vapor-degreasing  over  toluene  On  these 
jpecific  occasions,  no  significant  differences  were  noted  between  the  rusting  of  degreased  and  nondegreaseil  speci 
mens.  However,  we  believe  that  the  lack  of  any  adequate  cleanup  procedure  m  the  standard  test  does  introduce  a 
random  source  of  error  that  may  contribute  to  the  random  passes  and  failures  that  are  encountered. 

Corrosion  inhibitors  D  and  E  weir  run  in  a  test  solution  consisting  of  20%  toluene.  H0,;;  isooctane,  to  attempt 
to  overcome  the  insolubility  o|  these  inhibitors  in  pure  isooelane.  Concenhated  solutions' of 'these  inhibitors  ( 1000 
Ib/tobbl)  in  this  mixture  were  still  slightly  cloudy  but  less  cloudy  than  when  pure  isooctuiie  was  used  Results  of  the 
corrosion  tests  in  this  solution  were  identical  to  those  obtained  with  the  pure  isooctane  test  solution. 

Corrosion  inhibitor  P  was  carried  though  the  lest  p-ocedure  with  the  waiet  extraction  smp  omitted  Omission 
of  this  step  resulted  tn  a  defimte  improvement  of  the  coirosmn  inhibiting  prope  cs  of  this  inhibitor,  as  noted  m 
Table  23.  By  the  tegular  procedure,  concentrations  of  I  h-2  J  Ib/Mbb!  were  required  to  given  passing  results,  when  the 
water  extraction  was  omitted,  concentrations  above  0  Ib/Mbb!  gave  lairiy  consistent  passing  lesutis  The  original 
objective  for  the  inclusion  of  the  water  extraction  step  in  the  test  was  to  guard  against  qualification  ut  materials  that 
are  preferentially  water-soluble,  since  such  materials  would  leave  the  fuel  during  field  storage  undei  noimal  "wet" 
condition!  In  the  tesi,  the  water 'fuel  ratio  nr  the  extraction  siep  is  I /It),  and  it  may  be  argued  tliat  this  is  unduly 
high  in  terms  of  service  condition.*  Certainly  it  does  not  reflect  the  situations  in  which  a  corrosion  inhibitor  is 
one  injected  during  pipeline  operations  The  investigation  of  the  performance  of  corrosion  inhibitor  P  without  the 
water  extraction  was  necessary  because  this  nifubitor  is  reported  to  be  hijthly  effective  in  pipeline  protection  at  levels 
o  4-k  tVMbbl  Since  the  goal  of  this  test  is  to  *etlee?  the  effectiveness  of  the  corrosion  inhibitor  under  actual 


conditions  of  use,  elimination  of  the  water  extraction  step  may  be  justified.  The  effect  of  eliminating  this  step  on 
the  test  performance  of  the  other  seven  inhibitors  has  not  yet  been  investigated. 

Improvement  of  the  accuracy  of  rating  specimens  may  well  depend  upon  replacing  the  visual  rating  with  a 
quantitative  chemical  method  for  measuring  he  tola!  corrosion  of  the  specimen.  With  the  small  amounts  of 
corrosion  present  at  the  “pass-fail”  point,  development  of  a  practical  rating  method  would  be  difficult  and  would 
entail  a  long-range  effort,  with  no  rea!  assurance  of  success. 

The  variables  indicated  above  in  the  corrosion  test  procedure  are  numerous,  and  we  believe  that  improvement 
of  the  test  procedure  would  involve  a  long-term  effort.  The  rusting  test  in  its  original  application  to  turbine  oils  has 
given  severe  difficulties  with  poor  precision,  and  its  application  to  fuel  corrosion  inhibitors  merely  compounds  the 
difficulties  It  has  not  yet  been  decided  whether  a  long-range  improvement  propam  will  be  undertaken. 

3.  MAXIMUM  ALLOWABLE  CONCENTRATION 

The  maximum  allowable  concentration  is  specified  in  the  proposed  MiL-I-25017C.  p?'agraph  3.6,  as  the 
lowest  concentration  established  by  the  following  criteria; 

•  Twenty  pounds  of  finished  corrosion  inhibitor  per  1000  bhl  of  fuel. 

•  Four  times  the  relative  effective  concentration  in  pounds  of  finished  corrosion  inhibitor  per  1000  bbl  of 
fuel. 

10 

•  - - pounds  o'  finished  corrosion  inhibitor  per  1000  bbl  of  fuel. 

(percent  ash  of  corrosion  inhibitor) 

•  The  ccncentn.tion,  in  pounds  of  finished  corrosion  inhibitor  per  1000  bbl  of  fuel,  which  will  give  a 
minimum  Water  Separation  Index  Modified  of  70  (Method  3256  of  Federal  Test  Method  Standard  No. 
79!  using  857r  'oiume  Bayol  R-34  and  1 5%  toluene). 

The  maximum  allowable  concentration  determined  for  each  corrosion  inhibitor  is  summarized  in  Table  24 

Ash  content  was  a  limiting  factor  in 
only  one  case  (Inhibitor  B)  Two  differ¬ 
ent  samples  gave  average  ash  contents  of 
0.90  and  0.80"'?  respi c'ively.  The  lower 
result  was  obtained  with  a  newer  sample. 

Tiie  proposed  Ml  1-I-250I7C  specifies  an 
ash  deieomnation  using  ASTM  Method  D 
482  with  a  Vycor  crucible.  MI  1  -1-2501 7B 
has  specified  ASTM  Method  D  874 
imitated  ash) 

Corrosion  inhibitor  H  contains  sig¬ 
nificant  amounts  of  phosphorus,  and  it 
lias  been  pointed  out  thai  such  t- inducts 
will  attack  the  Vvcoi  crucibles  in  the 
ashing  proceduie.  leading  to  poor  lepcata 
bility  as  well  as  high  results  The  us<  o!  a 
platinum  crucible  has  been  lecomincnded 
to  eliminate  these  problems  In  the  case 
ot  Inhibitor  H  we  obtained  ash  contents 
of  0  38  and  0  S4t?,  in  Vycor  dishes  and 
U .00 1  and  0.U02T  in  platinum  dishes 


TABLE  24  MAXIMUM  ALLOWABLE  CONCENTRATIONS 
OF  CORROSION  I  NH'BITORS 


Corrosion 

Maximum  allowable  concn.  !b/Mbbl 

WStM 

inhibitor 

Sw.RJ  result 

Reported  by  (Manufacturer 

A 

12* 

12 

08.72,85 

B 

10-12+ 

12 

63,90.04 

( 

20 

74 

U 

20 

74.76,81 

1 

20 

96 

F 

8* 

71 .77 

G 

8* 

10 

69.70 

H 

124 

14 

73 

*1  wined  by  Watei  Sepaialum  hides  Modified  (W'SIM)  wh\'h  i«  b*io»  In  at 
tughef  v'ojKCntri  lions  of  inhibitor 

i  1. muted  b)  as);  vontrnf  ol  U  Mb?  on  nci*  sample  U.W*?  on  older  sample 
j  I  united  by  a  tunes  retctisv  effective  concentration 


Attack  of  the  Vycor  dishes  was  also  evident  in  the  case  of  several  of  the  other  inhibitors.  Checks  using 
platinum  dishes  for  determining  the  ash  content  would  be  advisable  for  any  samples  with  high  ash  contents. 

4.  SOLUBILITY  AND  COMPATIBILITY  TESTS 

Each  of  the  corrosion  inhibitors  was  tested  in  JP4  fuel  only;  the  tetis  with  the  specified  gasolines  were 
omitted.  Each  inhibitor  was  blended  at  its  maximum  allowable  concentration  in  an  additive-free  JP-4  base  fuel.  The 
samples  were  visually  inspected  for  precipitation,  cloudiness  and  other  evidence  of  insolubility  immediately  after 
mixing  and  at  the  end  of  24  hours.  No  evidence  of  insolubility  was  ooserved  at  these  concentrations.  However, 
concentrated  solutions  (1000  Ib/Mbbl)  of  Inhibitor  £  weie  slightly  cloudy.  Inhibitor  D,  which  gave  cloudy  con¬ 
centrates  in  isooctane  or  itooctane/toluene,  gave  clear  concentrates  in  the  test  fuel. 

Compatibility  tests  were  run  by  mixing  fuels  containing  the  maximum  allowable  concentration  of  each 
corrosion  inhibitor  previously  qualified.  Visual  inspection  at  (he  end  of  24  hours  indicated  no  precipitation,  cloudi 
ness  or  other  evidence  of  noncompatibility. 

Both  Che  compatibility  and  solubility  tests  are  of  limited  value,  since  they  indicate  only  gross  solubility  or 
compatibility  problems.  At  the  maximum  allowable  concentration,  the  solutions  contain,  at  most.  57  mg/liter  (20 
Ib/Mbbl).  In  our  experience,  a  fairly  large  percentage  of  the  inhibitor  present  would  need  to  precipitate  before  the 
insolubility  would  be  apparent.  Thus  the  tests  would  indicate  only  major  problems  in  these  areas 

6.  IDENTIC YING  PHOP£RTI£S 

The  following  determinations  were  made  on  each  corrosion  inhibitor:  flash  point,  specific  gravity,  neutraliza 
tion  number,  and  recording  of  infrared  spectrum.  In  order  not  to  disclose  the  identity  of  these  proprietary  products, 
individual  results  are  not  recorded  here. 

Flash  points  were  determined  by  the  Pensky-Martens  Closed  Cup  Test  (ASTM  D  93)  Flash  points  of  the  eight 
inhibitors  ranged  from  82  to  1 58°F . 

Specific  gravities.  60/60° F.  ranged  fit'll  C.S7I  to  0.962. 


Neutralization  numbers  ware  tl:ten, lined  using  ASTM  Method  D  974,  a  color-indicator  titration.  ASTM 
Method  D  664.  a  ootentiemetti'  titration.  gave  poor  inflection  points  with  certain  inhibitors,  other  difficulties  in 
testing  indicated  that  the  method  is  noi  suitable  without  ■?<!<* ptation.  By  D  974.  neutralization  numbers  (mg  KOH 
per  g)  ranged  from  54  9  to  1 1> i  for  the  eipM  mhibiiors 

Infraied  spectra  were  obtained  using  a  film  of  (tie  inhibitor  between  KBr  plates  These  have  been  tiled  in  oui 
laboratory  tor  future  use  m  identification  problems 

6.  CONCLUSIONS 


The  rusting  test  as  presently  run  (5  hours  with  distilled  water)  does  not  give  results  of  sufli.icni  repeautiibiy 
to  define  relative  effective  concentrations  Tlie  two  major  difficulties  appear  to  be  parnal  mvikibilitv  of  ce«u«n 
inhibitors  w  tlie  test  solvent  and  problems  m  rating  the  extent  of  rusting 

Future  work  in  thfc  area  will  be  duee'ed  toward  filling  in  the  gaps  in  the  present  for  possible  use  »;  a 
qualification  program  Further  investigation  of  tlie  rust  test  variables  and  precision  improvement  mas  also  be 

pursued 
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SECTION  V 


FUEL  AMD  i-UJBR SCANT  ANAJ.YSJS 

1.  GENERAL 

Contractual  effort  in  the  general  area  of  fuel  and  lubricant  analysis  includes  a  long-term  program  in  develop¬ 
ment  of  gas  chromatographic  techniques  for  lubricant  analysis,  a  variety  of  short-term  projects  on  specific  methods 
of  fuel  inspection  and  analysis,  and  analytical  services  in  support  of  other  activities  witiun  the  SwRl  contract  and 
in-house  activities  of  the  Propulsion  Laboratory.  Here  we  will  discuss  only  the  analytical  work  that  is  of  independent 
interest. 

2.  LUBRICANT  ANALYSIS 

Operating  parameters  for  the  gas  chromatographic  “fingerprinting”  cf  vnthetic  lubricants  have  been  stan¬ 
dardized.  Using  these  condition;,  it  is  possible  to  differentiate  and  identify  the  engine  turbine  oils  currently  in  use. 
The  conditions  used  produce  fair  resolution  of  the  individual  esters  of  which  the  lubricants  are  compounded. 

The  instrument  which  has  been  used  for  the  bulk  of  this  work  is  a  Varian  Model  1520  Gas  Chromatograph 
equipped  with  dual  columns  and  flame  ionization  detectors.  Of  the  liquid  phasec  thus  far  examined,  OV-17  has  been 
found  to  be  the  best  choice.  Few  liquid  phases  are  stablest  the  maximum  temperatures  of300-J20°C  which  are 
required  to  give  good  elution  of  the  high  boiling  esters  used  ir.  the  synthetic  lubricants.  Of  such  liquids,  OV-17 
appears  to  orevide  the  best  compromise  for  resolution  of  the  wide  range  of  .compounds  involved^  *^).  The  column 
description  and  instrument  operating  parameters  are  tabulated  below: 

Column:  Tubing  -  17  ft  X  1/8  in.  O.D.  stainless  steel 

Solid  support  -  S0-60  mesh  Gas  Chiom.Z 
Liquid  phase  -2%  OV-17  +  0;1%  Atpet  80 
Carrier  gas  flow  rate  -720  ml/min  helium 

Detector:  Flame  Ionization  -  20  ml/min  hydrogen 

200-300  ml/min  air 

-  „310°C 

-  220°C 

-  programmed  24 0°  to  320°  at  a  rate  of 
>10°C/min,  isothermal  at  320°C  to  total 
analysis  lime  of  20-35  minutes. 

Sample:  0.10  to  0.30  microliter  of  the  lubricant 

Injected. directly  on  column. 

The  “fingerprint”  gas  chromatographic  scans  obtained  by  the  above  procedure  have  been  of  use  in  solving  a 
variety  of  problems.  Typical  of  these  are:  (a)  proving  contamination  and  identifying  the  contaminant  in  engine  tests 
of  individual  lubricants;  (b)  monitoring  batch-to-batch  variation  of  the  ^chemical  composition  of  qualified  lubricants, 
then  using  this  as  a  basis  for  deciding  which  physical  tests  are  of  most  importance  for  quality  control  ;  (c)  identifying 
which  lubricants  are  present  in  engines  which  fail  or .encounterproblemstand^d)  determining  which  lubricantsare 
responsible  for  building  up. deposits  or  loosening  oreviously,  deposited  residues. 

Although  the  method  has  not  betn  developed  to  the  point  where  quantitative  determination  of  individual 
compounds  in  the  formulation  can  be  made,  it  is  presently  of  use  for  semiquantitative  estimation  of  mixtures  of  two 
or  three  lubricants  or  for  following  the  changes  in  the  composition  of  one  lubricant,  as  in  detecting  the  loss  of  more 
volatile  compounds  during  use. 


Temperatures: 


Injector 

Detector 

Column 
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ruture  work  is  planned  in  the  areas  of  further  mproving  resolution,  quantitatively  determining  individual 
compounds  in  the  formulations,  and  correlating  ch'-mical  composition  with  physical  properties.  Purification  of 


TABLE  25  RESULTS  OF  FLASH  POIKT 
DETERMINATIONS 


I  Vol  %  FSII 

TCC  flash  point,  °F 

PMCC  flash  point,  “F 

Sleniedj  Betd 

Individual 

Average 

Individual 

Average  | 

PF-IA  fuel 

0.00 

171,172,173 

172 

182, US 

182 

0.05 

— 

168,168,169 

168 

178,178 

178 

0.10 

— 

165,167,167 

166 

174,174 

174 

0.15 

0.140 

162,162, 16S 

163 

170,172 

171 

165,162 

0.30 

154,154,154 

154 

158,158 

.158 

JP-5  fuel 

0.00 

150,149,150 

150 

156,156 

156 

150.L49 

0.05 

151,150,151 

151 

158,158 

i  58 

0.10 

148,148,149 

148 

156,156 

156 

0.15 

0.147 

145,145,148 

147 

1.54,»54 

154 

147 

0.30 

■- 

140,141,140 

140 

146,148 

147 

JP-8  fuel 

0.00 

.. 

107,108,108 

103 

108.110 

.109 

0.05 

108,109.108 

108 

■08,108 

108 

0.10 

107,107,105 

106 

106,106 

106 

0.15 

0.146 

105,105,105 

105 

104,106 

105 

0.30 

105.104,105 

105 

104,102 

103 

riGURE  8.  EFFECT  OF  FSII  ON  FUEL  FLASH  POINT 


individual  esters  using  preparative  scale  gas  chro¬ 
matography  may  be  necessaiy  to  obtain  pure 
standards  for  use  in  this  Study,  and  preliminary 
work  has  been  done  in  this  area. 


Other  areas  of  preliminary  investigations  arc 
(a)  the  use  of  a  solid  sample  injector  to  identify 
solid  .deposits  from  lubricants  and  (b)  the  use  of 
infrared  spectroscopy  to  measure  the  degradation  of 
lubricants. 


3.  ?F.LASH  POINT,  INVESTIGATIONS 


An  investigation  was  conducted  to  determine 
The  lowering  of  the  flash  point  of  various  fuels  by 
the  .addition  of  fuel  system  icing  inhibitor  (FS11)  in 
amounts  up  to  0.3.0%  <  (vol).  The  FS1I  was  current 
'MIJL/-I-27686D  material  consisting  of  99.60%  (vol) 
2 -me  thoxy  ethanol  .and  .0.40%  (vol)  glycerin.  The 
amount  of  FSII  in  the  0.15%  sample  of  each  fuel 
was  determined  by  dichromate  titration  (FTMS-791a. 
Method  5327.3)  Flash  points  were  determined  in 
accordance  with  ASTM  D  56-64,  Tag  Closed  Cup 
"Method  i  (TCC)  and  ASTM  D  93-66,  Pensky -Martens 
'Method  (PMCC).  All  details  of  these  procedures 
•were  followed  closely.  In  particular,  the  tests  were 
.conducted  in  a  draft-shielded  area  in  a  room  with 
the  ventilating  system  -shut  off  at  the  time  the  test 
was  actually  irt  process.  Heating  rates  were  con¬ 
trolled  closely.  In  the  Pcnsky-Martens  tests,  the 
stirrer  rotation  was  .directed  to  give  downward  cir¬ 
culation  of  the  test  fuel.  Thcmometers  were  cross¬ 
checked  for  accuracy,  JJarometric  .corrections  for 
flash  points  were  found  to  be  negligible. 


All  fuel  used  in  this  study  was  obtained  from 
.Air  [Force  supply  stored  .at  Area  B,  Wright-Pat terson 
AFB.  'Complete  inspection  test  results  and  storage 
records  were  not  available.  The  three  fuels  were 
PF-1A,  JP-5,  and  JP-8. 


The  flash  -point  test  results  are  summarized 
in  Table  25  and  [Figure  8.  These  data  demonstrate 
a  lowering  of  flash  point  with  increasing  con¬ 
centrations  of  fFSII  for  all  three  fuels.  As  would 
be  expected,  the  effect  of  the  FSII  is  very 
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pronounced  with  the  high -flash  PF-1A  fuel,  lew  pronounced  with  the  oil  :r,  lower-flash  fuels.  Based  on 
the  plots,  the  FS1J.  at  the  maximum  use-concentration  (0.15%)  lowers  the  I'.rsh  point  about  10-12UF  for 
the  PF-IA,  4°F  for  JP-5,  and  2°F  for  JP-8. 

The  repeatability  was  generally  within  ASTM  stated  .limits,  j,e.(  duplicate  results  by  the  same  operator  agreed 
within  2°F  for  the  Tag  Closed  Cup  Method  and  within  4 :F  for  the  Pens’cy -Martens  Method;  however,  occasional  3° 
differences  were  noted  by  the  same  operator  using  the  Tag  Method.  Two  operators  were  used  in  gathering  the  Tag 
data. 

The  flash  point  of  the  FS1I  itself  was  found  to  be  1 06 !-F  by  the  Tag  Closed  Cup  Method. '”rhe  data  reported 
here  on  JP-8  blends  suggest  a  lower  flash  point  for  the  FSII.  However, Tittle  significance  can  be  attached  to  the  small 
effects,  which  were  generally  within  the  repeatability  precision  limits  of  the  test  methods. 

For  the  PF-1 A  and  JP-5  fuels,  flash  points  determined  by  the  Pensky-Martensmethod  were  significantly  highei 
(4-1 0°F)  than  those  determined  by  the  Tag  method,  Good. agreement  between  the  two  methods  was  found  with 
V-8,  i.e.,  at  a  lower  level  of  flash  point.  The  tendency  toward  .higher  results  with  the  Penskv-Martens  method  is 
apparently  quite.general,  especially  for  the  Jess  volatile  fuels.  We. believe  that  the  most  likely  source  of  this  difference 
is  the  more  rapid  heating  rate  used  in  the  Pensky-Martens  method,  !  OrF/min  vs  ;2°F/min  in  the  Tag  method .  The 
faster  heating  rate  does  not  allow  sufficient  time  for  the  vapor -phase  to.approach  equilibrium;  thus,  the  temperature 
“overshoots”  and  the  observed  flash  point  is  higher  than  it  would  be.at.a  lower  rate  of  heating. 

It  should  be  pointed  out  that  neither  of  these  methods  measures  a  tree  “equilibrium”  flash  point,  since  each 
method  involves  a  finite  rate  of  heating  .and  periodic  venting  of  the  vapor  space  while  the  test  flame  is  applied. 
Therefore,  one  cannot  say  that  either  method  is  more  “correct”  than  Ahe  other. 


A.  DETERMINATION  OF  OX  YGEN. CONTENT ©FTJLfJELLS 

Oxygen  determinations  on  fuels  have  been  performed  in  support  of  Air  Force  studies  involving  the  Advanced 
Aircraft  Fuel  System  Simulator  Rig  at  Wright-Patterson  'AFJJ.TheSimulator  Rig  was  originally  designed  and  tested 
by  North  American  Aviation  to  test  fuel  stability  under  simulated  flight  conditions. The  significance  of  the  oxvgen 
contents  of  JP-5  fuel  in  this  test  system  has  been  discussed  in  reports  by  North  American  concerning  this  test 
ng(8,9)  Qur  work  has  been  performed  on  JP-7  fuels  which  were  investigated  in  more  recent  test  series  in  the 
Simulator  Rig. 

The  method  used  for  the  determination  of  oxygen  is.a  gas  chromatographic  method  originally  adapted  from  a 
Phillips  Petroleum  Company  method-O^) 


The  method  presently  used  employs  .a  Cenco' Model  70130  Vapor  Phase  Analyzer  equipped  with  a  thermal 
conductivity  detector  am  operated  with  the  oven  .at  ambient  temperature,  A  5  ft  X  0.25  in.  copper  column  packed 
with  1 3X  molecular  sieve  is  employed  for  the  separation.  An  8-in.  precolumn  filled  with  the  same  packing  is  irstalled 
between  the  injection  port  and  the  column  proper. 'The  precolumn. absorbs  the  fuel  andmust  be  changed  daily.  The 
column  and  precolumn  are  conditioned.at  300°C  overnight.  Helium  is  used  as  the  carrier  gas  at  10  psig  inlet  pressure. 
The  oxygen  response  is  calibrated  by  injecting  a  70-microliter. air  sample  before  .and  after  each  ten  fuel  injections; 
this  is  equivalent  to  5.6  micrograms  of  oxygen.  Fuel. samples  of  40  microlilers.are  injected,  making  at  least  two 
de'erminations  on  each  sample.  The  oxygen  content  is  calculated.as  follows: 


where 


Oxygen,  ppm  by  weights 


5.6 

AX  B 


hs  c  height  of  sample  peak 
ha  e  height  of. air  peak 
A  =  specific  gravity  of  f uel  sample 
B  *  size  of  fuel  sample  in  ml 
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The  use  of  air-saturated  hexane  as  a  calibration  standard  (rather  than  air)  was  investigated,  since  w*  believed 
that  day-to-day  variations  in  the  chromatographic  re»ponse  to  oxygen  might  be  better  compensated  by  using  £ 
calibration  standard  more  similar  to  the  fuel  samples.  Comparison  of  the  day-to-day  variations  produced  by  the  two 
methods  of  calibrahon  indicated  that  no  advantage  was  gained  by  using  hexane. 

The  results  of  the  oxygen  determinations  for  the  JP-7  fuel  tested  in  the  sunriiatot  during  June  1969  are 
summarized  in  Table  26. 

TABLE  26.  OXYGEN  ANALYSIS  OF  JP-7  FUEL  FROM  SIMULATOR 


Oxygen  contents  in  ppm  <wt) 


Test 

no. 

incoming 

fuel, 

t  =  0  min* 

3 

Start  cruise. 

r~ 

End  cruise, 

- - 

Peak 

— 

Air-saturated  hexane 

t  =  2 

5  min* 

« 

=  120  min* 

descent* 

initial 

Final 

4 

5 

6 

7 

4 

5 

6 

7 

7 

valuet 

value 

8.093 

67 

14 

15 

13 

13 

10 

8 

10 

8 

4 

!  !8 

116 

8.095 

67 

14 

11 

11 

12 

9 

9 

8 

7 

<2 

122 

120 

8.097 

54 

10 

9 

7 

6 

8 

7 

<2 

99 

105 

8.099 

80 

14 

13 

13 

13 

6 

6 

fc 

10 

<2 

107 

8.101 

61 

10 

12 

11 

13 

7 

13 

7 

6 

<2 

116 

!  19 

8.104 

72 

15 

13 

15 

18 

6 

7 

12 

16 

3 

115 

122 

8.108 

54 

i.2 

11 

14 

11 

8 

9 

n 

7 

<2 

109 

121 

8.110 

66 

14 

18 

15 

17 

8 

7 

10 

II 

4 

122 

122 

8.112 

50 

1 1 

12 

11 

11 

7 

9 

7 

6 

<2 

116 

124 

8.114 

48 

15 

13 

13 

17 

13 

7 

u 

10 

<2 

124 

124 

8.116 

59 

11 

10 

11 

12 

o 

7 

7 

7  . 

<2 

127 

127 

8.11.8 

62 

14 

13 

12 

1! 

7 

*7 

9 

8 

<2 

117 

120 

8.120 

6.' 

15 

14 

15 

13 

8 

10 

15 

8 

<2 

115 

121 

8.124 

S4 

<1 

w 

10 

10 

6 

8 

<) 

7 

<2 

’21 

125 

8.126 

So 

1 1 

11 

0 

6 

7 

S 

5 

v» 

<2 

114 

120 

Average 

61 

13 

12 

12 

13 

8 

* 

8 

,  '  s 

I  It. 

L 

' 

120 

L- _ 

•Number*  in  uibtvcaduig  reprewnt  atve  rurftber * 
t  initial  vjltK  of  injection  with  tncorraaf  fuel 


The  '  incoming  fuel*  wmptc  »  expected  to  he  nearly  ax  saturated  The  fairly  l»rp-  variation  in  the  day  m  ((j\ 
oxygen  content  ic  larger  then  would  be  expected  «tid  ;e!kct".  the  rtroi  inherent  m  '.he  ptc-Kti!  oxygen  samphuy 
procedure  and  the  method  of  deter  mm*  non  The  decreasing  oxygen  content*  with  tacrcawng  temperature  ami  time 
m  the  simulate  itg  are  reflected  hi  tk  data  Full  ikv .tutor.  of  lb?  reason-,  ft”  the  decrease  ii  contained  m  the 
referenced*'  explaining  the  ten  rig 

The  present  method  k><  jx  lerminiftg  oxygen  need,  miptovemer t  to  increase  tu  tipeaubibts  and  accuracy 
Specific  areas  we  plan  -:«>  investigate  are  improvement  of  th  ■  sampling  device  and  redesign  of  the  chromatogtaph 
injection  f»?e t  to  give  hettet  it  emu /at  ion  of  the  lot;  sampler 

6  PU*L  AOOIT1VSS 

Support  worV  ha*  been  provided  for  vanosit  wmtigstMtn  of  ?uei  addHivtc  Some  of  there  are  ducuurd  tr  the 
settlors  of  thii  report  concerned  with  fuel  tutwhiv  and  comattn  inhibit  or  t 


Field  problems  with  aircrew  fuel  pump  failures  prompted  an  investigation  of  one  cf  the  presently  qualified 
fuel  corrosion  inhibitors,  to  determine  whether  precipitation  of  insoluble  material  or  reaction  with  metals  of- the 
pump  could  be  contributing  to  the  failures.  Only  preliminary  findings  are  available  Reactivity  of  the  corrosion 
inhibitor  with  lead  has  been  demonstrated,  and  the  limits  of  solubility  are  being  defined. Thusfar,  no  clear  relation 
can  be  established  between  inhibitor  behavior  and  pump  failure.  Work  is  continuing  in  this  area 

One  of  our  goals  in  the  area  of  fuel  additives  is  to  adapt  or  develop  quantitative  methods  for  determining 
concentrations  of  the  most  commonly  used  fuel  additives. 

s». 

•% 

A  method  for  determining  DuPont  AFA-I  corrosion  inhibitor  in  fuc.  has  been  adapted  from  DuPont 
Petroleum  Laboratory  Method  No.  G42-65  for  phosphorus  in  gasoline.  Up  to  10  ml  Of  fuel  is  ignited  in  the  presence 
of  zinc  oxide  to  destroy  ail  organic  material.  The  sample  is  ti*en  dissolved  in  sulfuric  acid  and  reacted  with 
ammonium  molybdate  and  hyiiarine  sulfate.  The  absorbance  of  the  resulting  “molybdenum  blue’’-phosphorus 
complex  is  measured  in  either  |0  or  SO  mm  cells  at  820  nyi  using  a  Beckman  DK-2  spectrometer.  The  medtod  was 
applied  to  samples  containing  approximately  10  lb/Mbbl  concentrations  cf  AFA-I.  Our  data  indicate  that  the 
method  sensitivity  is  adequate  to  differentiate  between  1  Ib/Mlabl  differences  in  concentration  of  AFA-1  in  fuel.  The 
method  is  not  specific  for  AFA-I  but  would  determine  any  phosphorus  in  the  fuel.  It  may  be  of  use  for  determining 
other  additives  containing  sufficiently  high  concentrations  of  phosphorus. 

Similar  adaptations  of  other  methods  to  determine  additives  will  be  attempted  when  possible. 

6.  PRECISION  OF  NEUTRALIZATION  NUMBER  DATA 

Three  methods  for  determining  the  acidity  of  jet  fuels  were  investigated  in  an  earlier  coojierative  program.  The 
data  have  been  analysed  by  SwRI  to  determine  'he  prevision  of  the  methods.  The  three  methods  investigated  were 
ASTM  D  664,  ASTM  D  974,  and  a  method  developed  by  Esso  for  use  cn  aviation  fuels  based  on  hot  titration  to  a 
color-indicator  end  point 

The  cooperative  program  involved  six  laboratories.  Neutralization  number  for  five  jet  fuel  samples  were 
determined  by  each  of  the  three  methods  and  by  each  of  two  operators  at  individual  L  roratones. 

We  determined  repeatability  and  reproducibility  for  each  sample  and  each  method  in  accordance  with  ASTM 
definitions,  and  found  that  these  could  best  be  represented  as  fu- ;tiio*  -  of  mean  neutralization  number.  Coefficients 
were  deter  mined  by  Imea.  regression  analysis  Details  of  t!w  data  analysis  have  been  furnished  to  the  Propulsion 
Laboratory. 


The  expression's  der  ved  toi  precision  a;r 

Range 

Method 

Repeatability 

Reproduc.htlity 

of  mean 

ASTM  0  6tvi 

O.UOJfe  *  0  t  X 

u.«05  j  •  y  i  u  v 

G0tH-O07K 

ASTM  D  >74 

0.00 Mi  *  002 :  X 

0  GO  i  7  1  0.45V  a 

0.004-009  2 

tw 

(}.QC‘20  *  0  090  s 

o  qoh  *  0  2  74  s 

0001-906; 

for  each  method,  the  espftsuutu  arc  appbeahte  o  -  f  U»e  t-uifr  indicated  Alt  values  §»**  to  mg  KOH  per  gram 
sample,  and  x  n  the  mean  of  two  de-iermaia'ionv  The  rep*- stability  *fid  rspiadncibiliiy  dsfustliotti  vwtwpovd 
the  usual  ASTM  definition--,  W  confidence  icwrft,  e*re?i  that  the  repeautulm  hntvn  the  “within  Igboratof v  ’ 
rewaicbilitv  Th>  teten  to  two  detenmwuonv  within  Cm  same  tabo.au*>  ,  without  regard  to  whether  the  operator 
tod  *pr*r  jdn  writ  identic**  tor  the  two  tub  THn  nwtnod  c»!  lutiny  the  repaauHbiv  w*v  necessary  because  nr. 
contra!  over  apparatus  or  time  of  r taming  the  drtwimoatwos  wax  specified  f >  ->  thu  pstqpam  The  '  wtthtn 
laboratory”  rcpeitiinhli  >s  allowed  in  ASTM  precision  sumnerm ,  provided  t!  «  ckarf ,  ideniified  #»  such 
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Using  these  expressions  for  precision,  the  following  are  obtained  for  a  mean  neutralization  number  value  of 
0.015. 


Method 


ASTM  D  664 
ASTM  D974 
Esso 


Repeatability 

0.0055 

0.0042 

0.0034 


Reproducibility 

0.0076 

00086 

0.0052 


At  this  level,  the  Esse  method  is  somewhat  more  precise  than  either  of  the  ASTM  methods.  The  Esso  method 
shows  the  best  precision  of  the  three  methods  up  to  neutralization  numbers  of  about  0.030. 


It  should  also  be  noted  that  the  Esso  method  gives  values  that  are  significantly  lower  than  those  obtained  by 
the  other  two  methods.  This  is  illustrated  by  the  following  tabulation  of  over-all  mean  values: 


Sample 

Method 

A 

B 

C 

D 

_E__ 

ASTM  D  664 

0.017 

0004 

0.015 

0.019 

0.078 

ASTM  D  974 

0.021 

0.004 

0.019 

0.023 

0.092 

Esso 

0.014 

0.001 

0.012 

0.015 

0.067 

Previous  analysis  of  these  same  data  (by  a  previous  contractor)  had  indicated  that  these  differences  in  values 
frex  different  test  methods  were  highly  significant.  Such  differences  should  be  taken  into  account  tr,  establishing 
specification  limits.  For  example,  n  the  Esso  method  were  used  for  specification  purposes,  the  specific;  on  limit 
should  be  lower  than  it  would  be  with  either  cf  the  other  two  test  methods. 

If  a  choice  among  the  three  methods  foi  specification  purposes  were  based  entirely  on  precision,  the  Esso 
method  would  be  preferred.  However,  that  method  appears  to  be  more  cumbersome  than  the  other  two  methods, 
sine*  the  sample/soivent  mixture  must  be  refluxed  during  the  determination.  Also,  the  mere  fact  that  it  is  a  new 
method,  with  different  apparatus,  would  create  certain  problems  during  its  introduction.  UrJesj  the  slightly  better 
precision  of  the  Esso  method  were  judged  to  be  essential,  one  of  the  ASTM  methods  would  be  a  more  practical 
choice.  Between  the  two  ASTM  methods,  there  is  little  choice  so  far  a«  precision  is  concerned,  at  least  within  the 
range  of  neutralization  numbers  up  to  0.01 5  that  is  of  present  concern  for  specification  purposes.  The  O  y74 
method  is  surprisingly  good  in  repeatability,  possibly  because  the  operators  within  a  single  laboratory  tend  to  arrive 
at  a  common  interpretation  of  end-point  color  change.  Its  reproducibility  is  relatively  poor,  especially  in  (he  higher 
ia age  of  values. 

One  factor,  unrelated  to  the  data  analysis,  limits  the  general  applicability  of  the  data.  The  cooperative  program 
was  conducted  with  blends  of  one  material  (naphthenic  acids)  at  different  concentration  levels  in  a  refined  fuel  base 
stock  Therefore,  any  conclusions  from  analysis  of  the-.*  data  must  refer  solely  to  tuts  particular  acidic  material,  the 
conclusions  are  not  necessarily  correct  for  other  materials.  Within  the  general  class  of  naphthenic  acids  that  may  be 
found  in  jet  fuels,  there  is  enough  variation  in  molecular  weight  and  structure  tnat  tii*  titration  behavior  in  s 
neutralization  number  determination  must  surely  be  affected.  Other  acidic  fuel  constituents  may  be  expected  to  give 
an  entirely  different  titration  behaviw  Precision  data  developed  on  blends  of  a  single  acidic  material  cannot  be 
presumed  to  be  correct  for  ill  fuels,  tsar  even  fo  moat  fuels 

Tbt*  u  not  an  easy  problem  to  resolve  The  a*  of  “practical"  fuels  in  *  e  ^operative  program  in  this  case  JP4 
fuels,  would  encounter  difficulty  with  ttmewice  variation*  in  the  ample*  themselves,  since  the  average  jet  fuel 
represents  a  constantly  dunging  system.  Nevertheless,  some  check  tests  thouW  be  made  on  practical  fuels  to 
determine  whether  the  precision  defined  in  the  cnope  stive  prupam  wifl  be  realize  *  te  actus!  use  of  the  me 'hod 
selected.  !r.  »ny  preebdoe.  studies  involving  practical  fuel*,  sine!  control  of  sample  candling  and  testing  schedule  will 
beesarnt'sl 


An  alternative  approach  would  be  to  select  several  acidic  materials  representing  different  chemical  classes  and 
molecular  weights,  and  to  check  the  test  methods  on  Mends  of  materials  in  a  refined  base  stock. 

Neither  of  these  approaches  is  10G%  satisfactory,  since  there  is  no  guarantee  of  covering  the  range  of  acid 
compositions  that  will  be  encountered  in  practice.  However,  either  approach  would  put  the  precision  data  on  a 
firmer  bfsis  than  presently  exists. 
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SECTION  VI 


OPTIC  At  TECHIflGUES  FOR  CHEMICAL  ANALYSIS 


Thii  phase  of  the  program  is  directed  toward  the  investigation  of  various  optica)  technique  for  possible 
application  fa  analysis  of  fuel*  sad  lubricant1 .  The  technique*  under  consideration  either  have  not  been  used 
previously  in  such  applications,  or  have  not  been  fully  explored.  Primary  consideration  has  been  given  to  techniques 
based  on  the  Kerr  and  Faraday  effects,  fluorescence,  snd  phosphorescence. 

During  the  first  year  of  effort  in  this  program,  theoretical  and  experimental  studies  have  been  made  of  the 
Kerr  effect  pfaarv.  shift  to  determine  its  possibilities  for  use  in  characterizing  molecular  size  and  structure.  The  Kerr 
effect  is  the  anisotropic  optical  behavior  induced  hi  a  normally  isotropic  substance  by  the  application  of  an  electric 
field.  When  the  -dectric  field  is  alternating  at  a  sufficiently  high  frequency,  there  will  be  a  time  lag  between  the 
applied  potential  and  the  observed  optical  behavior,  because  of  the  fnite  time  required  for  molecular  reorientation. 
Such  time  lags  or  phase  ihifts  may  be  used  ar  a  measure  of  molecular  inertia  and,  in  the  case  of  solutions,  of 
interactions  between  solute-solvent  molecules. 

In  order  to  explore  this  technique,  it  was  necessary  to  dettfn  and  construct  a  breadboard  device  to  measure 
phase  shifts  between  the  applied  field  and  the  observed  optical  behavior  at  frequencies  from  200  Hz  to  100  kHz. 
This  device  was  then  used  to  measure  the  critical  frequencies  of  certain  polymeric  molecules  and  ?lso  materials  that 
are  components  of  commercial  e^ter  lubricant  formulations  A  new  spectrometer  has  been  designed  to  extend  the 
measurements  to  frequencies  on  the  order  of  1  kHz,  so  that  a  wider  range  of  molecular  sizes  and  structure*  can  be 
explored. 

In  the  meantime,  equations  driacribiag  the  Keri  response  curve  of  mixtures  have  oeen  derived.  Some  numerical 
tests  of  the  simple  analysis  procedures  have  been  compared  with  the  results  of  these  equations  and  derivative  spectra 
for  representative  mixtures  have  been  obtained. 

This  wort  is  described  in  detail  in  a  separate  Technical  Report/  *  * ) 

Although  the  Kei r-effect  approach  appears  promising,  it  is  obvious  that  much  more  exploratory  work  n»  eds  to 
be  performed  before  the  technique  can  become  generally  usef'd  a*  an  ar  iyricc1  too.’.  Hence,  further  work  on  the 
Kerr  effect  has  been  deferred  in  favor  of  an  investigation  of  fluorescence  and  phosphorescence  sneer*  of  fuel  and 
lubricant  components.  The  utile  of  the  art  in  fluorescence  and  phosphorescence  spectrometry  is  wei!  advanced,  and 
application  to  specific  problems  in  fuel  and  lubricant  analysis  is  a  matter  of  develo?n«ent  rather  than  exploratory 
research- 


SECTION  VII 


TURBINE  ENGINE  INSTRUMENTATION  AND  CONTROL 


This  phase  of  the  over-all  program  is  concerned  with  the  development  and  evaluation  of  improved  instrumenta¬ 
tion  for  engine  control. 

Dining  the  first  year  of  this  contract,  effort  has  been  concentrated  on  developing  flow  instrumentation  for 
compressors,  and  particularly  on  developing  and  evaluating  improved  sensors.  Accomplishments  to  date  in  this  field 
are  described  in  a  separate  Technical  Report.^) 

The  next  p.hcse  in  the  contractual  effort  will  be  the  application  of  the  instrumentation  that  has  been  developed 
in  actual  control  loops. 


SECTION  VIII 


Fift£  AND  -Q6JQN  OET5CTJON 


The  detection  of  fire  and  explosion  in  flight  vehicles  requires  the  development  of  sensors  that  will  operate 
reliably  under  environmental  extremes.  Test  circuits  have  been  designed  and  constructed  for  evaluation  of  solid-state 
and  gas  type  ultraviolet  fire  detectors,  including  many  newly  developed  and  contractor -developed  items.  Evaluations 
are  based  on  spectral  sensitivity  analysis.  High-intensity  deuterium,  mercury  and  quartz  light  sources  are  used  to 
measure  the  wavelength  range  of  the  sensors. 

The  detectors  have  been  evaluated  at  temperatures  up  to  500°F,  measuring  the  frequency  and  sensor  output 
voltage  under  various  test  conditions.  Test  results,  discussion,  and  comparison  of  the  various  detectors  have  been 
presented  in  an  informal  report  (SwRi  tetter  Report  No.  17,  29  January  70). 

It  is  planned  to  continue  the  evaluation  of  detectors  of  both  optical  and  electrical  type,  and  further  to  carry 
this  through  to  the  design,  construction,  and  evaluation  of  electronic  prototype  modules  for  fire  detection 
equipment. 


As  a  part  of  the  overall  program,  Sw®3  is  operating  and  expanding  m  retrieval  system  for  documents  pertaining 
to  verojpace  fuels,  lubrication,  hazards,  and  related  topics.  T3us  system  was  developed  by  a  previous  contractor  es  a 
logical  means  for  utilizing  conveniently  the  voluminous  collection  of  teuhnio d  litanrtiire  accumulated  by  fee^rfeen) 
Fuel?  and  Lubricants  Branch  of  the  Aero  Propulsion  Laboratory,  the  intent  of  the  system  was  to  provide  the 
interested  engineering  staff  and  oti.er  authorized  groups  with  rapid  service  in  11*  retrieval  «tf  documents  or  gnutps  of 
documents  filed  in  the  system.  In  addition,  the  information  system  would  eliminate  all  of  the  time-consuming 
difficulties  that  arise  when  each  engineer  is  required  to  maintain  fus  own  reference  and  information  material.  M 
present,  the  system  holdings  consist  of  some  7000  documents,  and  of  theae  approKimgtdy  1  500  are  on  microform. 

The  Concept  Coordination  principle  forms  the  basis  for  the  information  retrieval  system.  Every  document  in 
the  system  is  assigned  an  accession  number,  and  through  use  of  a  punch  card  system  ffioyal  Key  dex),  which  relates 
index  terms  and  key  words  with  accession  number,  any  group  of  documents  havings  common  relationship  can  be 
retrieved  readily.  Also,  a  title  index  and  author  index  of  all  holdings  allow  the  direct  recovery  of  specific  documents. 

This  existing  information  retrieval  system  sms  turned  over  to  SwfH,  Who  then  became  responsible  for  keeping 
the  system  current  and  operating  successfully.  This  extensive  cross-reference  retrieval  system  is  composed  of  tech¬ 
nical  information  related  to  fuels,  lubricants,  and  hazards.  Technical  reports  in  the  subject  areas  make  up  the  major 
portion  of  the  syatnm’a  documents,  hot  journal  articles  which  have  significant  relation  to  the  aubjactareasare  tits 
included  Books  were  not  considered  for  incorporation  in  the  information  system. 

initial  operation  of  rite  information  retrieval  system  by  Swftf  was  not  without  difficulty,  rinoe  only  wry 
tinted  consultation  with  the  organization  that  estahiiriied  the  system  war  pcssibie.  Significant  amounts  of  time  had 
to  be  spent  in  dealing  with  the  various  handling  problems  that  were  unique  to  the  system  tfowewr,  during  this 
period,  effective  utilization  of  the  system  by  Air  Force  and  other  authorized  personnel  was  maintained. 

Several  areas  of  the  information  system's  operation  required  immediate  attention.  Prior  to  Swfti  assuming 
responsibility  for  the  system,  a  large  number  of  documents  bad  accumulated;  theae  required  abstracting,  cataloging, 
and  incorporation  into  the  cross-reference  files.  Once  the  appropriate  handling  of  this  document  backlog  was 
accomplished,  it  became  a  routine  operation  to  absorb  additional  documents  into  the  system  as  there  became 
available.  Swftl  continued  to  use  the  bank  methods  of  document  hanging  instituted  by  fee  originators  of  the 
retrieval  system,  since  these  methods  were  standard  techniques  and  found  to  be  functional  and  satisfactory  It  was 
found  that  the  documents  relating  to  lubricant*  and  lubrication  were  fating  housed  apart  from  the  real  of  the  system 
btiritngi,  and  that  fee  aoquaattioc  numbers  assigned  to  theae  documents  wan  of  no  value  in  locating  a  specific 
document,  since  fee  lubricants  reports  were  being  arbitrarily  filed  by  fee  company  or  agency  which  had  performed 
the  work  Therefore  fee  job  of  centrahting  ad  system  boltings  to  one  fetation  and  filing  lubricants  document  by 
acquisition  number  was  undertaken  sod  accomplished  This  resulted  in  a  fer  more  efficient  and  effective  handbag  of 
lubricant <  documents,  and  retrieval  of  those  documents  became  a  rapid  and  atraiftitfeirward  matter 

Fallowing  fee  registration  of  fee  Swftl  contract  with  DOC,  fee  three  areas  of  interest  ware  expended  wife 
htiag  pvea  to  hazards  studies  Over  hag-term  operatiun.  feu  expmsfen  wtt  result  In  a  more 


ftacaaaa  fee  reftmantian  retrieval  system  csintasns  jsssdfed  documents  up  to  and  euferttog  Secret,  crrtawt 
security  procedures  had  to  he  established  these  hast  been  worked  out  so  that  pareona  authorised  access  can  obtain 
dnatirewti  axpetitfewrfy.  at  the  stare  hire  rfaaandag  si  agphcsMs  security  regadtitare  and  asatittiafeg.  proper 
recredt. 

In  order  to  aconapfrh  fee  prepore  of  fee  refarrentioa  witiwl  ytin,  a  oontinuou*  red  detaflsd  review  is 
amtit  of  technics  St— few  in  fee  arena  of  kstiwat.  and  feare  dnrusnerer  fousad  prefessna  are  mq nests d  praraptiy 

AS 


Also, since  much  of  the  technical  material  is  now  available  only  on  microform,  facilities  include  conveniently  loca’ed 
microfilm  and  microfiche  readers  and  printers  for  users  of  the  retrieval  system.  In  cases  where  a  specific  document 
desired  is  not  in  the  information  system,  immediate  steps  are  taken  to  obtain  the  document.  Over  the  past  year,  the 
acquisition  rate  has  averaged  about  15  documents  per  month. 

Some  expansion  remains  to  be  accomplished  L  :o-.  r*ge,  particularlv  in  the  hazards  area.  When  thir  has 
been  completed,  i'  is  planned  to  examine  the  input  procedures  on  US.  and  foreign  journal  articles,  and  possibly  to 
enlarge  the  input  from  these  sources,  bio  charges  in  the  basic  system  are  contemplated. 


APPEWDIX 


EXCERPTS  mm  m.4-2B017C 
(PropoMd,  ianiMry  ISM) 


3.  n£Qum«wBirrs 

3.1  Qualification.  The  corrosion  inhibitor  furnished  under  this  specification  shall  be  a  product  which  has 
been  tested,  and  has  passed  the  qualification  tests  specified  herein,  and  has  been  listed  on  or  approved  for  listing  on 
the  applicable  qualified  products  list. 

3.2  Materials.  The  composition  of  the  finished  corrosion  inhibitor  is  not  limited  but  is  subject  to  review  in 
order  to  insure  service  compatibility  with  previously  qualified  products. 

3.3  Solubility.  The  maximum  allowable  concentration  of  corrosion  inhibitor,  as  defined  in  3.6,  shall  be 
readily  and  completely  soluble  in  all  grades  of  automotive  and  aircraft  engine  fuels  conforming  to  Specifications 
VV-G-76,  MIL-G-305C- ,  and  MIL-T-5624  when  tested  as  specified  in  4.6. 1 . 

3.4  Compatibility.  The  corrosion  inhibitor  shall  be  completely  compatible  with  all  common  inhibitors  pre¬ 
viously  qualified  under  this  specification  when  tested  as  specified  in  4.6.2. 

3.5  Relative  effective  concentration.  The  relative  effective  concentration  of  corrosion  inhibitor  for  automo¬ 
tive  and  aircraft  engine  fuels  shall  be  determined  in  accordance  with  4.6.3. 

3.6  Maximum  allowable  concentration.  The  maximum  allowable  concentration  for  use  in  automotive  and 
aircraft  engine  fuels  shall  be  the  lowest  concentration  established  by  the  following  procedures: 

(a)  Twenty  pounds  of  finished  corrosion  inhibitor  per  1000  bbls  of  fuel. 

(b)  Four  times  the  relative  effective  concentration  in  pounds  of  finished  corrosion  inhibitor  per  1000 
bbls  of  fuel. 


( c )  - pounds  of  finished  corrosion  inhibitor  per  1000  bbls  of  fuel. 

(percent  ash  of  corrosion  inhibitor) 


(d)  The  concentration,  in  pounds  of  finished  corrosion  inhibitor  per  1000  bbls  of  fuel,  which  will  give 
a  minimum  Water  Separation  Index  Modified  of  70  when  determined  in  accordance  with  4.6.4 

The  maximum  allowable  concentration  shall  be  equal  to  or  greater  than  the  relative  effective  concentration 

3.7  Asi;  The  ash  content  of  the  corrosion  inhibitor  shall  be  determined  as  specified  in  4.6.5.  For  acceptance 
tests  the  ash  content  shall  not  vary  by  niorc  than  1 5  percent  far  those  products  having  a  qualification  teat  value  of 
0  10  pet  cent  or  greater  nor  by  more  than  ±0,02  percent  ash  content  for  product!  having  quahfka'ior  teat  -refute  leas 
than  0  10  percent 

3,t!  Rvur  paint  The  pour  point  at  ihe  (meshed  corrosion  inhibitor  shall  be  0*F  maximum  when  determined  ss 
»pecified  in  4.6,6 

3  V  .itrrrafi  ertginr  tests  The  finished  corrosion  mfvhitw  when  tatted  at  concentration  of  four  Unite  the 
relative  effective  concentration  in  a  representative  yet  fuel  meeting  the  requirements  of  Specification  MU-T5624 
Grade  JP-4.  shall  not  ad’  *l>  affect  the  aircraft  engroc  after  100  boon  operation  whan  tested  as  specified  «  4.6  7 


Any  malfunction  in  the  operation  of  the  engine  attributable  to  the  corrosion  inhibitor  shall  be  cause  for  rejec¬ 
tion. 

3 .10  Identification  test  data.  The  following  properties  of  the  finished  corrosion  inhibitor  will  be  determined 
but  not  limited  during  qualification:  specific  gravity,  viscosity,  flash  point,  neutralization  number,  type  of  metallic 
constituent,  if  present,  and  color  (see  4.6.8  concerning  test  methods)  The  supplier  will  be  permitted  to  select 
individual  property  ranges  to  allow  for  manufacturing  tolerances.  The  ranges  selected  shall  not  adversely  affect  any 
of  the  inhibitor  performance  characteristics  such  as  relative  effective  concentration  and  Water  Separation  Index 
Modified. 

3.1 1  Workmanship.  The  finished  product  in  bulk  or  container  shad  be  uniform  in  appearance  and  visuallv  free 
from  grit,  undissolved  water,  or  other  adulteration.  The  material  shall  have  no  advene  effect  on  the  health  of 
personnel  when  used  for  its  intended  purpose.  Evidence  to  this  effect  shall  be  subject  to  review  by  departmental 
medical  authority  (see  6.3). 

*  m  *  <*  i* 

4  6  Test  methods. 

4.6.1  Solubility.  The  maximum  allowable  concentration  of  corrosion  inhibitor  shall  be  mixed  with  fuels 
conforming  to  Specifications  W-G-76,  MIXJ-3QS6,  and  MJL-T-5624.  Immediately  after  mixing  and  at  the  end  of 
24  hour  'he  samples  shall  be  visually  inspected  for  precipitation,  cloudiness  or  other  evidence  of  insolubility. 

4.6 2  Compatibility.  Fuel  containing  the  maximum  allowable  concentration  of  corrosion  inhibitor  shall  be 
mixed  in  equal  proportions  with  fuel  samples  containing  the  maximum  allowable  concentration  of  each  corrosion 
inhibitor  previously  qualified  under  this  specification.  At  the  end  of  a  24  hour  period,  the  samples  shall  he  visually 
inspected  for  precipitation,  cloudiness,  or  other  evidence  of  noncompatibility. 

4.6.3  Kdative  effective  concentration  The  rekrivc  effective  concentration  of  the  finished  corrosion  inhibitor 
Shall  be  determined  by  testing  the  inhibitor  in  the  test  fuel  in  increasing  concentrations  of  1/2  lb/1000  bbl 
increments  (e,g„  5  H)/10(i0  bbl,  5.5  lb/1  QQr  ool,  6  lb/1030  bbl,  etc.).  No  intermediate  concentrations  will  be  tested. 
The  test  fuel  shall  conform  to  Specification  TT-S-735,  Type  I  (isooctane)  which  has  been  freshly  depolarized  as 
fofiows: 

A  liter  repository  (Squibb)  funnel  a  filled  with  Silica  Gel,  (GAS  Chromatography  Grade)  to  a  height  20  cm. 
above  the  stopcock  isooctane  is  passed  through  this  column  by  gravity.  After  one  gallon  has  been  treated,  the  Silica 
Gel  is  discarded,  and  the  column  reprsrked 

4.6.3.1  Test  method.  The  inctotnenfej  concentrations  of  corrosion  inhibitor  m  depolarized  isooctane  shall  be 
tasted  in  accordance  with  A  STM  Method  D  hbt  Procedure  Js,  with  the  following  modifications: 

(a)  Temperature  of  the  bath  shall  br  1 00  4  f F . 

(b)  Test  duration  is  five  hours. 

(c)  Preliminary  preparation  of  tpitufes. 

(1)  Remove  «U  r«rf  frm  spmdk  with  either  150  or  240 grit  doth,  if  1 50  grit  is  used  finish  with 
•  new  piece  of  doth  wid  map  motor  end  rub  longHudtnaUy  with  doth  Polish  with  240  grit 
until  afi  merits  front  the  150  grit  ate  removed, 

(2)  fi*wfh  ipbtdte  with  new  purer  of  :40  grit  doth,  remove  tvatA  chuck  using  *  dear,  paper 
towel  and  tmnwdwreiy  immerse  in  s  beaker  of  dooctane, 

id,  fines  350  ml  erf  depot reread  itoocreae.  wtHs  the  retread  amcrntratiren  of  corrowon  mhHwior 
•died,  b  a  sapao!w>  fuons!  with  35  -  *4  wart  No  greme  or  other  tub-icam  shaft  be 


used  on  the  stopcock  of  the  funnel.  The  mixture  shall  be  shaken  for  1  minute  and  allowed  to 
separate  in  layers.  After  removal  of  the  water  layer,  300  ml  of  the  isooctane  layer  shall  be  drained 
into  the  beaker  and  placed  into  the  bath. 

(e)  Final  polishing  of  spindles:  Remove  spindle  from  isooctane  and  handle  with  paper  towel.  Fit  a 
Buna  N  gasket  onto  threaded  section  of  spindle  and  place  in  polishing  chuck.  Start  motor  and 
lightly  polish  with  a  new  piece  of  240  grit  cloth.  Move  240  cloth  rapidly  along  axis  of  spindle 
which  will  produce  a  cross-hatch  pattern  on  »p«nd!c .  Stop  motor  and  remove  spindle  from  chuck. 
Wipe  specimen  with  paper  towel.  Immediately  attach  to  plastic  holder  and  immerse  into  a  samp!* 
beaker  in  oil  bath. 

(f)  After  last  spindle  is  placed  in  test  beaker,  let  stand  for  a  10  minute  static  soak,  then  start  stirrers 
and  dynamically  soak  for  20  minutes.  Stop  stirrer  motor. 

(g)  Add  300  ml  of  sea  water  to  the  bottom  of  each  sample  beaker  with  a  hypodermic  syringe. 

(h)  Start  stirrer  aric1  run  for  5  hours. 

(i)  At  end  of  54iour  period  remove  spindles  from  bath  and  wash  with  isopropyl  alcohol. 

4.6. 3. 2  Interpretation  of  test.  The  selected  concentration  of  corrosion  inhibitor  in  isooctane  shall  be  con¬ 
sidered  as  passing  the  test  if  less  than  six  (6)  "pots  of  rust  less  than  I  millimeter  m  diameter  occur  on  the  center 
1-7/8  inch  section  of  the  spindle.  The  minimum  concentration  passing  the  test  shall  be  called  the  relative  effective 
concentration. 

4.6.4  Maximum  allow  ole  concentration  The  maximum  concentration  of  finished  conosion  inhibitor  which 
will  result  in  a  Water  Separation  Index  Modified  of  not  less  than  70  shall  be  determined  by  testing  the  inhibitor  in 
accordance  with  Method  3256  of  Federal  Test  Method  Standard  No.  70 1  in  a  fluid  composed  of  85%  (vol)  Bayol 
R-34  and  1 5%  toluene  (reagent  4mde). 

4.6.5  Ash.  The  percent  ash  of  the  corrosion  inhibitor  shjl  be  determined  using  ASTM  Method  D  482  except 
that  a  Vycor  Crucible  shall  be  used 

4.6.6  Pour  point  Pour  point  shall  be  determined  in  accordance  with  ASTM  Method  L>  97. 

4.6.7  Aircraft  engine  test  Aircraft  engines,  types  and  models,  qualified  m  accordance  with  -Specification 
MU. -b -5009  as  specified  by  the  activity  responsible  to:  qualification,  shall  be  employed  ior  conducting  tk*  rest 

4.6,7. 1  Test  procedure  "file  test  engines,  shall  be  subjected  to  at  least  100  hour.',  -  operation,  under  test 
conditions  specified  by  the  activity  responsible  for  qualification  usuag  fuel  containing  four  tames  the  relative 
effective  concentration  of  the  .finished  eojuaion  inhibitor 

4 .6.7. 7  Disussemhiv  and  unitecUsm  l-oiiuwing  the  tes!.  the  c n$me  iha?t  be  disassembled  sot  inspection 
required  h\  the  »ch*isy  fcvpimstbic  ior  qualification 

4:6*  JdmntKatigm  test  Idcntilicatfcwi  :«•«»  jhall  6c  cmrtlucfed  m  accordance  with  teas  methods  mutually 
agreet!  upon  hy  the  raenufaciuisi  arid  the  activity  icsponobk  for  qualification 
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